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ICIASSIFIED 


CNR  LETTER  REQUESTING  STUDY 


DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAl.  RESEARCH 
WASHINGTON  25.  O.  C. 


ONR;468:AWP:k/ 
7 MAR  1962 


From:  Chief  of  Naval  Research 

To:  Dr.  H.  L.  Saxton,  Qiairman,  Underwater  Sound  Advisory  Group 

Subj:  Transducer  calibration  facilities;  recommendations  for 

Ref:  (a)  Undersea  Warfare  Research  and  Development  Planning 

Council  Report  of  11  Oct  I960  entitled,  “Technical  Facilities 
Required  for  Navy  Supported  Research  Relating  to  Undersea 
Warfare",  Sk*e  also  report  to  Undersea  Warfare  Planning 
Council  on  Major  Acoustic  Transducer  Facilities  requested 
by  five  laboratories  (End  (1)  to  NRL  Itr  5520-466  ser  01245). 
See  also  “Major  Acoustic  Transducer  Facilities",  NRL  Itr 
ser  2615-0205  (1  1018)  of  25  Nov  I960 

(b)  “Report  of  Ad  Hoc  Committee  on  Bureau  of  Sups  Needs  for 
Acoustic  Range  Facilities",  dtd  June  2,  I960 

(c)  USAG  Report  entitled,  “Ideal  Program  in  Underwater  Sound, 
Appendix  9**,  Sub  Group  Report  on  Research  bist rumentation 
and  Facilities 

1.  In  earlier  conversations  between  yourself  as  Chairman  of  the  Under- 
water Sound  Advisory  Group  and  members  of  my  staff,  the  need  has  been 
emphasized  for  a comprehensive  study  of  the  transducer  calibration 
problem  and  the  development  of  a clear  picture  of  the  transducer  calibra- 
tion facilities  required  to  meet  present  and  future  Navy  needs.  It  is 
requested  that  the  Underwater  Sound  Advisory  Group  undertake  this  study. 

2.  I am  particularly  anxious  that  the  study  should  be  as  complete  and 
realistic  as  possible  and  that  any  recommendations  for  facilities  be 
acceptable  to  the  various  technical  bureaus  and  offices  concerned.  In 
looking  at  the  calibration  problem,  attention  should  be  given  to  the  various 
and  <Uffering  types  of  measurement  required  in  research,  development, 
production  testing,  evaluation,  and  maintenance  and  repair.  The  study 
should  not  1)1*  limited  to  conventional  sonar  transducers  but  should  cover 
calibration  of  <ill  types  of  underwater  acoustic  transducers,  for  example, 
those  used  in  weapon  guidance,  influence  and  countermeasures.  Atten- 
tion should  be  given  to  new  and  anticipated  trends  in  measurement 
techniques  and  tlie  effects  these  will  have  on  calibration  facility  require- 
ments, It  is  my  belief  that  the  specific  types  of  measurement  actually 
required  for  the  various  purposes  should  be  critically  examined. 
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3.  The  Underwater  Sound  Advisory  Group  should  also  include  considera- 
tion of  the  requirements  for  specialized  facilities  for  transducer  testinp 
such  as  hi(>h  pressure  calibration  tanks. 

4.  A number  of  studies  have  already  been  undertaken  in  this  area  within 
recent  years  and  they  will  undoubtedly  provide  background  material.  See, 
for  example,  references  (a),  (b),  and  (c). 

5.  I am  appreciative  of  the  magnitude  of  the  task  to  be  undertaken,  which 
should  culminate  with  specific  facility  recommendations  including  costs. 

It  is  desirable,  however,  that  1 have  a preliminary  report  available  to  me 
by  mid-June  1962. 


L.  D,  COATES 
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MEMBERS  OF  THE  UNDERWATER  SOUND  ADVISORY  GROUP 
DURING  1962,  THE  PERIOD  OF  THE  STUDY 


D.  E.  Andrews,  Chairman  (1963) 

U.S.  Navy  Electronics  Laboratory 

C.  L.  Bartberger 

U.S.  Naval  Air  Development  Center 
W.  F.  Curtis 

David  Taylor  Model  Basin 
R.  A.  Frosch 

Hudson  Laboratories,  Columbia  University 

G.  S.  Harris,  Chairman  (1962) 
U.S,-Navy  Underwater  Sound  Laboratory 

A.  T.  Jaques 

U.S.  Naval  Ordnance  Laboratory 

C.  M.  McKinney 
Defense  Research  Laboratory 

H.  L.  Saxton,  Chairman  (prior  to  1962) 
Naval  Research  Laboratory 

F.  N.  Spiess 

Marine  Physical  Laboratory 
Scripps  Institution  of  Oceanography 
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U.S.  Navy  Requirements  for  Underwater  Sound 
Transducer  Calibration  and  Test  Facilities 


RECOMMENDATIONS 


The  Underwater  Sound  Advisory  Group  has  made  an  extensive  and  careful  study  of  (a)  the 
U.S.  Navy  requirements  for  underwater  acoustic  transducer  calibration  and  test  facilities,  and 
(b)  the  status  of  available  and  planned  facilities  as  to  their  technical  adequacy  and  workload 
capacity.  It  reached  considered  conclusions  that  serious  deficiencies  exist  now  and  for  the 
near  future.  The  USAG  thoroughly  supports  these  recommendations  and  urges  immediate 
action  at  high  priority  to  avert  even  more  serious  deficiencies  as  the  workload  grows. 

Coordination  of  acoustic  facility  planning  is  essential.  USAG  acting  in  its  advisorylc^^^- 
ity  will  continue  to  study  acoustic  calibration  facility  proposals  and  will  make  recommendavjons 
thereto  as  appropriate. 


STANDARDS  AND  TECHNIQUES 
It  is  recommended  that; 

*ONR  1.  The  continuing  function  of  the  U.S.  Navy  Underwater  Sound  Reference  Laboratory  as 
the  source  of  transducer  standards  in  the  Navy  never  be  impaired  because  of  increased 
BmW'  demands  on  this  Laboratory  for  other  work. 

ONR  2.  Increased  emphasis  be  given  to  the  research  and  development  on  new  measurement 
Biis'  techniques  and  instrumentation,  particularly  at  USRL.  Particular  emphasis  should  be 
BuW  given  to  research  on  near-field  calibration  methods  and  engineering  studies  of  automated 
calibration  systems. 

Bus  3.  Near-field  calibration  of  transducers  be  used  when  expedient,  particularly  in  pro- 
BuW  totype  and  acceptance  testing,  and  laboratories  and  contractors  familiarize  themselves 
ONR  with  the  technique.  BuShips  should  develop  calibration  equipment  using  this  technique 
for  each  major  transducer  type  for  shipyard  use  in  production  acceptance  and  fleet 
maintenance. 

RESEARCH  AND  DEVELOPMENT  BY  IN-HOUSE  AND 
CONTRACT  LABORATORIES 

To  keep  up  with  increasing  demands,  and  to  protect  R and  D against  the  encroachment  of 
prototype  and  production  testing,  the  Navy  should  promptly  increase  its  facilities  both  lor 
R and  D and  for  procurement.  It  is  recommended  that: 

For  Deep-Water  Facilities 

Bus  4.  The  transducer  calibration  facility  on  Lake  Pend  Oreille  be  recognized  as  the  pri- 
mary facility  in  the  west  to  meet  the  deep-water  R and  D needs  of  the  Navy  in-house 
and  contract  laboratories. 

#The  marginal  designations  indicate  the  bureaus  concerned  with  the  recommendation.  The 
bureau  principally  concerned  is  underlined. 
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ONR  5.  A transducer  calibration  and  measurement  facility  be  established  on  Lake  Seneca, 
New  York,  as  the  primary  deep-water  facility  in  the  east  to  meet  the  R and  D needs  of 
the  Navy  in-house  and  contract  laboratories.  USRL  should  operate  this  establishment. 

To  meet  the  current  urgent  need  for  this  facility,  the  U.S.  Naval  Research  Laboratory 
established  its  mobile  test  platform  on  Lake  Seneca  in  calendar  1962  and  is  operating  it  initi- 
ally. USRL  should  plan  in  detail  an  expansion  of  the  above  facility  on  Lake  Seneca.  USRL 
should  take  over  the  operation  of  the  NRL  platform  by  the  end  of  calendar  1963,  develop  the 
central  facility,  and  continue  expansion  of  this  facility  to  keep  up  with  R and  D requirements 
within  the  site  limitations. 

ONR  6.  The  proposal  for  the  Tilly  Foster  Transducer  Calibration  Facility  be  withdrawn. 

ONR  7.  A deep-ocean  acoustic  measurement  capability  be  provided.  The  design  and  fea- 
BuS  sibility  study  of  a stable  ocean  platform  as  proposed  by  NRL  is  strongly  endorsed,  and 
it  is  recommended  that  funding  under  AUTEC  be  provided  for  procurement  and  opera- 
tion. It  is  further  recommended  that  its  maintenance  and  logistic  support  be  provided 
by  the  general  AUTEC  authority  with  technical  control  vested  in  NRL. 


For  Local  Open-Water  Facilities 

ONR  8.  Expansion  of  open-water  facilities  at  Orlando- Leesburg  be  limited  to  modest  ex- 
ploitation of  the  Leesburg  site  and  limited  to  facility  development  primarily  for  stand- 
ards work.  No  heavy  handling  capability  is  considered  necessary. 

Bu\y  9.  The  Bureau  of  Naval  Weapons  fund  NADC  for  the  development  of  a transducer  cali- 
bration facility  at  Oreland,  Pennsylvania.  This  funding  should  be  initiated  in  FY'64 
(reprogramming  it  necessary). 

ONR  10.  The  request  of  NRL  for  an  indoor  open  anechoic  tank  (50  ft  diameter  x 30  ft  deep) 
be  supported  and  funded. 

BuS  11.  Prototype  and  preproduction  unit  testing  at  USL's  Dodge  Pond  facility  be  progres- 
sively reduced  to  utilize  not  more  than  25  percent  of  the  facility  time,  in  order  to 
accommodate  USL's  Research  and  Development  requirements. 

CNO  12.  No  open-water  facility  be  provided  the  Naval  Oceanographic  Office  until  increased 
needs  of  the  oceanographic  and  ASWEPS  programs  are  established. 

For  Pressure  Facilities 

ONR  13.  A high-pressure  acoustic  test  facility  be  provided  to  USRL.  A high-pressure  tank 
with  an  anechoic  working  volume  at  least  20  ft  in  diameter  and  for  pressures  up  to  at 
least  3000  psi  is  required.  High  priority  should  be  given  its  design  and  funding. 

BuS  14.  Tanks  for  hydrostatic  tests  for  USL  (4  ft  diameter  x 12  ft  height;  15,000  psi)  and 
for  NRL  (8  x 12  ft;  5000  psi)  be  funded  and  procured  in  FY'64, 

ONR  15.  The  Navy  laboratories  develop  techniques  and  engineering  plans  to  meet  the  grow- 

BuS  ing  need  for  high-pressure  acoustic  testing  and  the  pertinent  parent  bureaus  provide 

Bu\y  for  their  timely  procurement. 

CONTRACTOR  DEVELOPMENT 
It  is  recommended  that: 

BuS  16.  Contractors  be  required  to  carry  on  their  development  work  without  using  facilities 

BuW  of  Navy  in-house  laboratories,  except  as  these  may  be  available  on  a not-to-interfere 
basis  (within  the  25  percent  available). 
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PROTOTYPE  AND  PREPRODUCTION  TESTING 
It  is  recommended  that: 

OiVR  17.  A new  acoustic  test  facility  for  the  major  portion  of  prototype  and  preproduction 
testing  be  established  on  Lake  Seneca,  New  York,  to  be  operated  by  USRL;  and  USRL 
be  expanded  as  necessary  to  carry  out  this  responsibility  which  is  entirely  in  addition 
to  that  of  recommendation  5. 

ONR  18.  Other  in-house  R and  D laboratories  should  share  in  testing  of  those  contracted 

BuS  items  in  which  they  have  an  R and  D interest,  but  the  maximum  workload  at  their  facili- 

BuW  ties  in  connection  with  such  contract  procurements  should  be  limited  to  25  percent 
(time/manpower)  of  their  testing  capability.  When  economically  advisable,  develop- 
ment testing  at  contractors'  facilities  should  be  extended  through  the  prototype  or  pre- 
production  stage,  with  supervision  of  final  testing  by  Navy  laboratories. 

BuS  19.  As  an  interim  measure  {until  the  recommendation  17  is  implemented),  for  calibra- 
Bu H’  tion  and  measurement  of  prototype  transducers  (not  tested  as  parts  of  assembled  sys- 
ONR  terns),  the  bureaus  distribute  work  equitably  among  Navy  laboratories,  including  use  of 
contractors'  facilities  as  far  as  possible.  Specifically,  the  prototype  and  preproduction 
testing  at  USL  should  be  decreased,  that  of  USRL/Orlando  should  remain  about  as  it  is, 
and  that  at  other  facilities  should  be  increased.  Assignments  should  take  into  account 
the  technical  capabilities  of  the  different  facilities.  When  this  results  in  the  necessity 
for  these  laboratories  to  work  additional  shifts  in  order  to  carry  the  workload  of  both 
R and  D and  preproduction  testing,  the  bureaus  should  provide  for,  and  fund,  the  extra 
billets  required. 

BuS  20.  The  Bureau  of  Ships  procure  and  equip  a special  platform  for  the  prototype  testing 
of  each  new  major  sonar  system,  including  the  transducer(s).  These  platforms  should 
be  available  in  time  for  use  in  systems  development  by  the  contractor. 


SHIPYARD  TESTING 

It  is  recommended  that: 

BuS  21.  The  Bureau  of  Ships  fund  in  FY'64,  two  test  tanks  at  Boston  and  one  at  Pearl  Har- 
bor to  be  of  a size  established  by  the  requirements  for  near-field  measurements.  The 
tanks  at  Boston  should  be  under  cover  for  winter  operation. 

BuS  22.  The  Bureau  of  Ships  study  the  potential  and  means  of  using  near-field  techniques 
for  "in  place"  calibration  of  sonar  transducers  as  installed  in  ships  and  submarines 
and  provide  such  instrumentation,  procedures,  and  training  as  required.  Immediate 
planning  should  be  initiated  by  the  Bureau  of  Ships  to  provide  for  the  greatly  increased 
workload  in  fleet  maintenance  of  installed  transducers  and  transducer  systems  result- 
ing from  the  new  ship  and  submarine  sonar  systems  planned  for  the  1965-1970  period. 

BuS  23.  The  Bureau  of  Ships  recognize  the  present  and  growing  need  for  competent,  well- 
trained  personnel  to  staff  shipyard  test  facilities  and  find  means  of  procuring  and 
training  personnel  and  getting  adequate  civil  service  grades  assigned. 
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CHAPTER  1 

BACKGROUND 


THE  PROBLEM 

Without  the  development  of  low-frequency  transducers,  the  great  advances  in  fleet  sonars 
experienced  since  World  War  n would  have  been  impossible.  During  the  war,  detection  equip- 
ment utilized  transducers  only  slightly  over  one  foot  in  diameter.  Today  we  have  the  SQS-26, 
which  has  a transducer  16  ft  in  diameter.  World  War  n transducers  weighed  some  200  lb.  That 
of  the  SQS-26  weighs  30,000  lb,  and  the  Artemis  projector  weighs  660,000  lb.  World  War  II 
transducers  were  of  trifling  size,  weight,  and  complexity,  compared  with  today's.  Yet  we  are 
trying  to  develop  and  test  today's  transducers  with  facilities  for  the  most  part  appropriate  for 
World  War  II  equipment.  It  is  not  surprising  that  the  latest  transducers  have  misbehaved  in 
unanticipated  ways  and  have  generally  failed  to  deliver  the  power  output  for  which  they  were 
designed.  Research  and  development  can  neither  sustain  a lead  relative  to  attempted  design 
nor  analyze  faults  with  its  grossly  inadequate  facilities. 

The  material  bureaus  contract  for  new  designs  with  a minimum  performance  specified. 
Before  a design  is  accepted,  a prototype  must  be  subjected  to  acceptance  tests  requiring  ade- 
quate facilities.  For  a transducer  of  the  size  of  the  SQS-26  there  is  no  adequate  facility.  As 
a consequence,  laboratories  assigned  the  problem  of  testing  must  resort  to  devious  approaches, 
involving  the  tests  of  pieces  rather  than  the  whole.  This  is  not  a satisfactory  alternative  to  the 
test  of  the  entire  transducer  in  an  adequate  facility. 

It  was  found  as  far  back  as  World  War  n that  many  ships  were  not  obtaining  predicted  per- 
formance with  their  sonars  because  of  equipment  difficulty  which  later  was  traced  to  defective 
transducers.  The  fleet  felt  the  need  for  test  facilities  at  naval  stations  where  any  transducer 
could  be  checked  while  the  ship  was  in  port,  if  there  appeared  to  be  a deficiency  in  the  sonar 
performance.  At  that  time  some  facilities  were  established.  These  took  the  form  of  tanks 
which  could  be  used  with  pulse  techniques  to  obtain  indications  of  transducer  sensitivity  and 
beam  patterns.  Thus,  deficiency  in  the  transducer  itself  could  be  discovered  and  corrective 
measures  taken.  As  transducers  were  increased  in  size,  the  old  methods  of  tests  in  tanks 
became  meaningless,  because  the  dimensions  of  the  tank  would  not  accommodate  far-field 
measurements.  In  the  past  few  years  studies  have  been  aimed  at  near-ficld  tichniques  which 
could  give  a meaningful  indication  of  transducer  performance.  Considera'ole  progress  has 
been  made,  but  the  problem  is  not  yet  fully  solved. 

The  primary  reason  for  the  present  difficulty  is  that  facilities  development  has  not  gone 
hand  in  hand  with  transducer  advances,  as  it  should.  The  lag  in  meeting  facility  requirements 
has  greatly  retarded  the  research-and-development  effort  which  could  have  otherwise  antici- 
pated problems  and  could  possibly  have  corrected  designs  before  prototypes  were  built.  At 
the  very  least,  adequate  facilities  would  have  afforded  opportunity  to  discover  faults  in  proto- 
types and  to  study  the  reasons  therefor. 

It  is  apparent  to  all  involved  in  transducer  calibration  and  testing  that  the  U.S.  Navy  is  now 
at  a crossroad.  A decision  must  be  made  as  to  the  course  to  be  followed  in  providing  facilities, 
and  prompt,  decisive  action  must  be  taken. 
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PREVIOUS  PROPOSALS 

Various  individual  laboratories  have  made  repeated  attempts  to  remedy  the  situation. 

NRL  has  carried  one  facility  plan  after  another  to  the  costing  stage,  only  to  fail  to  muster 
support.  Their  surveys  covered  many  sites  in  the  Potomac  River,  including  Fort  Washington, 
Indian  Head,  Fort  Belvoir,  and  Quantico.  All  of  these  sites  were  seriously  considered.  The 
Rocky  Gorge  Dam  site  was  surveyed  and  considered.  A favorable  James  River  site  was  con- 
sidered. Several  deep  holes  in  Chesapeake  Day  were  surveyed.  NRL  has  now  modified  a 
barge  for  a mobile  test  platform,  moved  it  into  Lake  Seneca,  and  has  begun  using  it  for  R and  D 
measurements. 

USRL  made  repeated  proposals  for  an  installation  at  Tilly-Foster,  New  York.  Their 
attempts  to  satisfy  all  persons  concerned  resulted  in  an  ultimate  cost  which  was  not  accepted. 

NEL  has  recognized  the  problem  and  has  been  backed  in  developing  Lake  Pend  Oreille,  the 
only  Navy  facility  which  is  adequate  for  today's  problems  with  respect  to  water  depth.  NEL  is 
also  in  the  process  of  providing  an  increased  (50  ton)  weight-handling  capacity.  The  main 
drawbacks  of  this  facility  are  geographic  remoteness,  particularly  from  eastern  laboratories, 
and  its  limitations  in  work  load. 


PREVIOUS  STUDIES 

In  October  1959,  the  Assistant  Chief  of  the  Bureau  of  Ships  for  Research  and  Development 
appointed  an  ad  hoc  committee  to  consider  the  requirements  of  BuShips  and  its  laboratories 
for  transducer  calibration  facilities.  The  USW  R and  D Planning  Council  studied  the  same 
problem  on  a Navy-wide  scale  later  in  1960.  The  BuShips  ad  hoc  committee,  pointing  to  the 
inadequacy  of  acoustic  test  facilities  in  the  U.S.  Navy,  recommended  a major  central  facility 
on  the  east  coast  and  means  for  testing  in  deep  ocean  water.  Action  has  been  taken  on  the 
latter  recommendation,  with  the  result  that  AUTEC  is  planning  an  ocean  facility. 


TECHNICAL  REQUIREMENTS 

Since  the  transducer  is  usually  the  key  component  in  any  piece  of  underwater  sound  equip- 
ment, it  is  not  surprising  that  there  are  a wide  variety  of  transducer  types  to  be  considered  in 
a survey  of  needs  and  requirements  for  calibration.  The  more  important  types  include: 

1.  ASW  surface  ship  active  sonar  transducers 

2.  Submarine  sonar  (active  and  passive)  transducers 

3.  Fixed-station  surveillance  sonar,  active  and  passive 

4.  Helicopter-borne  sonar  transducers 

5.  Sonobuoy  transducers 

6.  Acoustic  torpedo  transducers 

7.  Acoustic  mine  mechanism  transducers 

8.  Minehunting  transducers 

9.  Acoustic  minesweep  transducers 

10.  Acoustic  communications  transducers 

11.  Acoustic  navigation  system  transducers 

12.  Depth -sounding  transducers 

13.  Standard  calibration  transducers 

14.  Noise-measurement  transducers 

15.  Transducers  for  underwater  research  (propagation,  etc.). 

Many  distinct  steps  are  involved  in  the  history  of  a transducer  from  the  research  stage 
to  production  acceptance,  and  calibrations  are  required  for  all  of  the  different  %’ersions  of  the 
device.  These  stages  of  development  correspond  to  the  broad  categories  of  calibration  re- 
quirements tabulated  below. 
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1.  Kesearch  and  development  (primarily  by  Navy  and  nonindustrial  concerns) 

2.  Contractor  development 

3.  Prototype  evaluation 

4.  Preproduction  testing 

5.  Production  acceptance  testing 

6.  Fleet  repair  and  maintenance  testing 

7.  Calibration  ol  installed  equipment. 

On  most  transducers,  it  is  required  that  a great  many  separate  measurements  be  made. 
Acoustic  calibration  measurements  are  made  to  determine  the  following  characteristics: 

1.  Source  level  and  receiver  sensitivity 

2.  Directivity  patterns 

3.  Comple.N  impedance 

4.  Efficiency. 

The  above  characteristics  are  generally  determined  as  a function  of  the  following 
parameters; 

1.  Frequency 

2.  Power  level  (for  nonlinear,  cavitation,  etc.,  effects) 

3.  Static  pressure 

4.  Temperature 

5.  Duration  of  tests  (life  tests). 

Other  data  which  are  generally  obtained  in  connection  with  calibration  relate  to  mechanical 
resonances,  corrosion,  water  leakage,  electrical  leakage,  etc. 

The  broad  technical  requirements  for  a transducer  calibration  facility  are: 

1.  Sufficient  size  (depth  and  lateral  extent)  to  permit  valid  noninterference  (free-field) 
calibrations  to  be  made  on  the  particular  transducer  under  test.  Some  transducers  require 
only  a few  feet  of  depth,  while  others  require  hundreds  or  even  thousands  of  feet.  The  same 
statement  is  true  for  separation  distance.  The  more  technical  aspects  of  these  requirements 
are  covered  in  Chapter  2. 

2.  Sufficient  handling  capacity  in  terms  of  size  and  weight.  Size  may  range  from  a few 
inches  to  hundreds  of  feet,  and  weights  from  a few  ounces  to  hundreds  of  tons. 

3.  A capability  for  calibration  at  the  ambient  conditions  of  pressure  and  temperature 
under  which  the  transducer  is  designed  to  operate. 

4.  Capability  for  testing  at  the  rated  power  level  of  the  transducer. 

5.  Sufficient  capacity  to  eliminate  the  accumulation  of  large  backloads  of  work. 

6.  Geographic  accessibility.  Proximity  to  the  customer  and  adequate  transportation 
facilities  are  important. 

The  range  of  transducer  sizes,  weights,  frequencies,  and  operating  depths  involved  clearly 
shows  that; 

1.  Many  of  the  desired  tests  can  be  performed  in  existing  local  facilities.  These  are 
technically  adequate  for  most  transducers  operating  at  a frequency  of  10  kc  or  above. 

2.  The  great  bulk  of  low-frequency  measurements,  particularly  of  large  arrays,  requires 
technical  facilities  well  beyond  any  now  available  except  at  Lake  Pend  Oreille. 
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3.  Any  facility  for  handling  the  larger  low-frequency  arrays  should  be  capable  of  handling 
heavy  loads  and  supplying  high  power. 

4.  Any  facility  for  low  frequency  should  include  automatic  measuring  equipment  and  com- 
puters for  computation  of  deduced  parameters  and  automatic  plotting  to  enable  operation  at 
very  high  efficiency  and  hence  accommodating  a high  work  load. 

It  has  been  the  intent  of  this  study  to  consider  all  of  the  factors  discussed  in  this  section 
in  assessing  the  needs  and  in  preparing  recommendations  concerning  calibration  facilities. 
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CHAPTER  2 


TECHNICAL  CONSIDERATIONS 


GENERAL  CALIBRATION  TECHNIQUES  AND 
EAR-FIELD  MEASUREMENTS 

The  optimum  technique  for  calibrating  a transducer  is  a function  of  the  characteristics  of 
the  particular  transducer,  primarily  the  frequency,  dimensions,  bandwidth,  and  mode  of  opera- 
tion (e.g.,  pulse,  cw,  etc.).  It  is  difficult  to  express  the  limits  of  a given  calibration  facility  in 
terms  of  frequency  and  transducer  size,  but  it  is  comparatively  easy  to  determine  whether  a 
given  transducer  can  be  calibrated  in  a particular  facility.  The  directivity  pattern  of  the  trans- 
ducer is  often  a most  important  factor  to  consider  in  planning  the  calibration  arrangement  and 
procedure  (Refs.  1-6). 

Most  transducers  are  employed  as  far-field  devices,  and  for  this  reason  it  is  desirable  to 
have  far-field  calibrations  when  feasible.  In  order  to  obtain  a valid  far-field  calibration,  it  is 
required  that  the  transducer  under  test  (considered  as  a hydrophone  receiving  from  a point 
source)  be  insonified  by  essentially  a plane  wave. 

The  practical  far-field  criteria  are: 


R > 5d  or  R > 5n^  (2) 

where  R is  the  distance  from  the  source,  d is  the  maximum  dimension  of  the  transducer,  ■ is 
the  wavelength  of  the  sound  received,  and  n = d >. . Equation  (1)  insures  that  the  wavefront 
curvature  does  not  introduce  relative  phase  shifts  exceeding  45  degrees.  The  criterion  of  Eq. 
(2)  insures  that  the  divergence  loss  caused  by  spherical  wave  divergence  is  not  sufficiently 
variable  over  the  transducer  face  to  modify  the  results  appreciably,  regardless  of  its  orienta- 
tion. Equations  (1)  and  (2)  also  apply  to  the  far  field  of  a source  under  test.  The  required 
separation  of  the  monitoring  transducer  and  the  transducer  under  test,  as  determined  by  these 
two  criteria,  is  shown  in  Fig.  la  and  lb  (alternate  forms  of  presentation). 

The  criteria  just  given  apply  to  the  case  of  one  transducer  being  infinitely  small.  For  the 
case  of  both  transducers  having  appreciable  dimensions,  dj  and  dj,  the  criteria  are: 

R>(d,  + d2)^^  (3) 

R > S(d,  + d2i  . (4) 

It  is  of  importance  to  note  that  measurements  may  be  made  at  ranges  as  short  as 

R = 0.5  dV)i  (5) 


if  appropriate  correction  factors  are  used.  Shorter  ranges  than  those  given  by  Eqs.  (5)  and  (6) 
are  open  to  question  concerning  the  validity  of  a correction  factor. 
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It  is  essential  in  most  instances  to  have  the  calibration  made  under  Iree-field  conditions. 
This  last  condition  requires  that  energy  arriving  at  the  transducer  by  other  than  the  direct 
path  should  be  negligibly  small  or  should  arrive  at  a time  other  than  when  the  calibration 
measurements  are  made.  A number  of  techniques  may  be  employed  to  reduce  the  intensity  of 
reflected  signals  to  an  acceptable  level.  For  precise  measurement  of  the  complete  directivity 
pattern  of  a transducer,  it  is  desirable  that  the  level  of  reflected  signals  be  at  least  40  db  below 
the  level  of  the  direct  path  signal.  However,  for  most  measurements  a 20-db  differential  level 
is  adequate.  The  most  straightforward  means  of  meeting  this  condition  is  to  conduct  the  cali- 
bration in  a body  of  water  of  sufficient  size  to  insure  that  the  reflected  path  is  at  least  ten 
times  as  long  as  the  direct  path,  thereby  achieving  the  necessary  attenuation  of  reflected  sig- 
nals as  a result  of  spherical-wave  divergence.  If  both  the  transducer  under  test  and  the  moni- 
toring transducer  are  placed  at  a depth  midway  between  the  water  surface  and  the  bottom  and 
are  separated  by  a distance  R determined  by  Eqs.  (1)  and  (2),  then,  providing  the  body  of  water 
has  adequate  lateral  dimensions  to  reduce  reflections  from  the  sides,  the  minimum  required 
water  depth  h is  approximately  10  r,  i.e., 

h > 10  (7) 

h > 50  d . (8) 

In  applying  these  criteria,  care  must  be  taken  to  avoid  transducer  orientations  which  place 
the  transducer  beam  in  the  direction  of  the  reflected  path  while  direct  measurements  are  being 
made  at  angles  away  from  the  beam. 

The  minimum  required  water  depth  determined  by  Eqs.  (7)  and  (8)  may  be  obtained  from 
Figs,  la  and  lb  by  multiplying  the  transducer  separation  by  a factor  of  10.  This  information  is 
also  plotted  in  a slightly  different  form  in  Fig.  2,  which  shows  the  maximum  permissible  trans- 
ducer dimension  as  a function  of  both  frequency  and  water  depth- 

It  is  evident  that  for  large  transducers  these  criteria  lead  to  the  requirement  for  very 
large  bodies  of  water.  For  example,  a transducer  larger  than  12  ft  requires  a water  depth  in 
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Fig.  2.  Maximum  permissible  ansducer  dimension  for 
calibration  measurements  using  cw  operation 
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excess  of  600  ft.  No  inland  lake  in  the  eastern  part  of  the  United  States  will  accommodate  such 
a transducer. 

Fortunately,  there  are  techniques  which  often  alleviate  the  severe  depth  requirement  of 
ten  times  the  separation.  One  of  these  techniques  is  to  make  the  walls  or  boundaries  nonre- 
flective.  High  attenuation  at  low  frequencies  is  difficult  and  costly  to  achieve,  but  not  impos- 
sible. If  the  boundaries  are  sufficiently  anechoic,  reflection  may  be  neglected.  USRL  recom- 
mends Insulcrete  (concrete-sawdust)  wedges.  This  material  is  inexpensive,  retains  its 
absorptive  properties  under  high  hydrostatic  pressures,  and  has  broad-band  characteristics. 
Several  rubber-base  materials  have  good  absorption  characteristics  at  low  pressures,  but  are 
not  so  effective  at  high  pressures.  Narrow-band  or  tuned  absorbers  have  been  developed  also. 

NEL  has  developed  recently  a new  type  of  calibration  pool,  Transdec,  in  which  boundary 
reflection  is  controlled.  The  shape  of  the  pool  is  that  of  a canted  ellipsoid  of  revolution. 
Reflections  from  the  walls  of  the  pool  and  from  the  air-water  interface  terminate  in  an  absorp- 
tive sound  trap  which  surrounds  the  lip  of  the  pool.  By  the  use  of  this  technique  the  interference 
due  to  reflected  energy  is  sharply  reduced  and  the  free-field  test  region  is  an  appreciable  por- 
tion of  the  total  volume  of  the  pool. 

There  is  a class  of  techniques  which  takes  advantage  of  transducer  directivity.  Proper 
use  of  transducer  directivity  is  one  of  the  most  important  considerations  in  the  calibration  of 
transducers.  It  is  most  useful  when  the  horizontal  expanse  of  the  water  is  sufficient  to  neglect 
reflection  from  the  side-wall  boundaries.  The  application  of  these  techniques,  however,  must 
be  worked  out  for  each  individual  case. 

One  method  in  this  class  is  to  orient  the  transducer  so  that  signals  reflected  from  a 
boundary  are  at  a low  intensity  level.  The  usual  procedure  is  to  adjust  the  depth  of  the  trans- 
ducer so  that  the  first  null  in  the  pattern  will  strike  the  surface  at  the  point  midway  along  the 
transmission  path. 

A second  method  is  the  use  of  a vertical-line  monitoring  transducer  so  placed  that  it  dis- 
criminates against  surface  and  bottom  reflections.  The  price  one  has  to  pay  for  this  is  an 
increased  separation  distance  (since  a large  dimension  of  the  monitoring  transducer  contrib- 
utes to  the  separation  distance)  and  a stricter  requirement  on  the  orientation  of  the  monitoring 
transducer,  but  often  the  advantage  gained  in  reduction  of  depth  is  a more  important  factor. 

A third  method  in  this  class  is  to  place  one  transducer  near  the  surface,  taking  advantage 
of  surface  reflection  to  generate  a beam  equivalent  to  that  of  an  array  composed  of  the  actual 
transducer  and  its  mirror  image.  The  other  transducer  is  then  set  at  a depth  which  will  place 
it  in  the  first  constructive  interference  lobe.  This  depth,  of  course,  is  a function  of  the  fre- 
quency. This  technique  has  been  applied  successfully  in  the  calibration  of  radar  antennas. 

A significant  reduction  in  the  water -depth  requirement  can  usually  be  achieved  by  employ- 
ing pulsed  operation.  In  general  it  is  desirable  to  calibrate  a transducer  using  the  mode  of 
transmission  for  which  it  has  been  designed,  so  that  this  method  is  especially  applicable  to 
pulsed  sonars. 

When  pulsed  operation  is  employed  the  interference  generated  by  boundary  reflections  can 
be  eliminated  by  "gating  out"  all  but  the  direct  signal.  When  this  technique  is  used,  however, 
it  is  necessary  that  the  received  pulse  be  of  sufficient  duration  to  reach  steady  state  before 
any  reflected  signals  arrive.  For  a transducer  of  small  dimensions,  the  time  to  build  up  to  95 
percent  of  the  steady-state  value  is  O f , where  q is  the  overall  q of  the  calibration  system, 
including  the  transducer  under  test.  If  the  transducer  has  appreciable  size,  an  additional  delay 
is  caused  by  interaction  between  belements,  for  which  an  allowance  should  be  made  equal  to 
the  time  required  for  the  wave  to  sweep  at  least  once  over  the  maximum  dimension  d of  the 
transducer.  Also,  in  order  to  obtain  a satisfactory  measurement  it  is  advisable  to  continue  the 
pulse  for  an  additional  time  equivalent  to  at  least  three  cycles  at  the  operating  frequency. 

Adding  all  these  time  intervals,  and  multiplying  by  the  velocity  of  sound,  one  obtains  the  result 
that  the  difference  in  length  \r  between  the  reflected  path  and  the  direct  path  should  be  at  least 
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In  facilities  where  depth  is  the  limiting  dimension,  this  criterion  may  be  expressed  in 
terms  of  the  total  depth  h by  the  formula; 

h = /2RAr  + fAr)^  (10) 

where  R is  the  test  separation  determined  by  Eqs.  (1)  and  (2).  A plot  of  h \ as  a function  of 
n is  shown  for  various  values  of  o in  Fig.  3. 


Fig.  3.  Minimum  water  depth  required  for  calibration 
measurements  using  pulse  technique 


A radically  different  technique,  with  limited  though  very  useful  application  to  small  hydro- 
phones, is  the  so-called  noise  method,  in  which  the  calibration  tank  is  flooded  with  wide-band 
noise  and  the  frequency  response  of  the  hydrophone  is  obtained  by  sweeping  through  the  desired 
range  of  frequencies  with  a bandpass  filter.  The  calibration  is  obtained  by  comparing  the 
results  against  similar  data  taken  on  a reference  hydrophone.  This  method  is  used  at  NADC 
for  calibrating  sonobuoy  hydrophones  over  a range  of  frequencies  extending  down  to  200  cps. 

It  is  rapid,  inexpensive,  repeatable  to  within  about  1 1 db,  and  is,  in  fact,  the  only  economically 
feasible  method  of  calibrating  large  quantities  of  cheap  hydrophones.  Experience  has  shown 
that  a remarkably  uniform  sound  field  can  be  generated,  the  variation  being  less  than  0.5  db 
over  a range  of  10  in.  The  noise  method  is  of  course  subject  to  error  in  the  vicinity  of  reso- 
nant frequencies,  and  its  application  is  therefore  limited  to  relatively  low-0  devices. 

An  example  of  a transducer  which  would  require  either  deep-water  or  anechoic  boundaries 
for  calibration  would  be  a 20-ft  line  hydrophone  operating  at  approximately  1.0  kc,  having  an 
omnidirectional  pattern  in  the  plane  normal  to  the  line  axis.  Far -field  criteria  call  for  a test 
path  of 
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The  line  is  4X  in  length,  giving  it  a beamwidth  of  13  degrees.  At  most  calibration  facilities  it 
is  conventional  and  convenient  to  make  pattern  measurements  by  rotating  the  transducer  about 
a vertical  axis.  In  this  case,  provided  side-wall  reflection  can  be  neglected,  sensitivity  meas- 
urements may  be  made  with  the  line  in  a vertical  position,  and  the  pattern  in  the  plane  normal 
to  the  line  can  be  measured  with  little  trouble.  For  measurement  of  the  pattern  in  the  plane  of 
the  line,  the  problem  of  surface  and  bottom  reflections  must  be  considered.  For  a test-path 
distance  of  100  ft,  the  total  water  depth  should  be  1000  ft  in  order  to  insure  20-db  attenuation 
of  reflected  signals. 

A technique  mentioned  earlier  may  be  used  in  this  situation  to  reduce  the  depth  require- 
ments. For  measurement  of  the  pattern  in  the  plane  of  the  line,  the  other  transducer  used  in 
the  calibration  can  be  chosen  to  be  a line  transducer  and  can  be  oriented  so  that  its  axis  is 
normal  to  the  axis  of  the  line  being  calibrated.  As  an  example,  take  the  case  of  the  two  lines 
being  of  equal  length.  The  minimum  test  distance  will  be  increased  by  a factor  of  four; 

R = + = 320 

R = Sfd,  + dj)  = 200  ft. 

If  the  distance  is  taken  to  be  320  ft,  then  the  first  null  of  the  pattern  for  the  vertical  transducer 
will  strike  the  reflecting  boundary  at  the  midway  point  when  the  transducer  is  approximately 
40  ft  from  the  boundary.  A total  water  depth  in  this  case  would  be  80  ft,  considerably  less  than 
the  1000  ft  obtained  previously. 


APPLICATION  OF  NEAR-FIELD  CALIBRATION  TECHNIQUES 
TO  TRANSDUCER  CALIBRATION 

As  was  mentioned  earlier,  most  underwater  sound  transducers  are  employed  operationally 
under  conditions  where  the  transmission  path  places  the  other  terminal  in  the  Fraunhofer 
region,  or  far  field.  It  follows  that  it  is  desirable  to  have  far-field  calibration  data  for  the 
transducers.  In  the  past  the  sizes  of  transducers  and  the  operating  frequencies  have  been  such 
that  this  type  of  calibration  could  be  performed  in  relatively  small  tanks  and  test  ponds.  The 
trend  toward  lower-frequency  sonar  has  resulted  in  the  use  of  transducers  too  large  to  allow 
far-field  measurements  to  be  made  in  many  of  the  existing  tank  facilities,  test  ponds,  and  lakes. 

One  solution,  or  partial  solution,  to  this  problem  is  to  make  measurements  of  the  acoustic 
pressure  field  in  the  Fresnel  region  or  nearby  field,  and  use  these  data  to  compute  the  far- 
field  characteristics.  This  technique  has  been  used  for  many  years  in  the  electromagnetic - 
wave-antenna  field,  and  in  recent  years  it  has  been  investigated  rather  extensively  by  DRL  and 
USRL  (Refs.  7-19).  The  methods  developed  by  these  two  laboratories  are  basically  different, 
and  each  will  be  described  briefly. 

In  general,  the  DRL  method  uses  a small  orobe  transducer  to  measure  the  amplitude  and 
phase  of  the  pressure  field  over  a surface  whicn  encloses  the  directivity  patterns,  source 
levels,  receiver  sensitivity,  and  efficiency.  The  technique  has  been  applied  with  success  to 
line,  circular  piston,  and  cylindrical  transducers.  Measurements  may  be  made  in  compara- 
tively small  tanks,  which  have  highly  reflective  walls,  by  using  a pulse  technique.  The  ampli- 
tude and  phase  of  the  projected  signal  are  measured  on  the  leading  edge  of  the  pulse,  after 
steady-state  conditions  have  been  reached,  but  prior  to  the  arrival  of  any  reflected  energy 
from  the  walls  of  the  tank.  As  an  example,  the  AN/SQS-4  transducer  has  been  calibrated 
accurately  in  a tank  having  dimensions  only  2.9  times  the  linear  size  of  the  transducer. 

The  USRL  method  involves  the  use  of  a large  plane  array  of  small  sources  to  form  a plane 
wave.  Within  a restricted  volume  near  the  array  the  wave  is  essentially  plane,  and  within  this 
volume  the  transducer  to  be  calibrated  is  placed.  The  calibration  procedure  is  then  identical 
with  conventional  far-field  methods.  The  measured  pattern  is  equivalent  to  a far-field  pattern, 
and  no  further  computation  is-  required. 

Each  of  the  two  methods  has  its  advantages  and  disadvantages.  The  USRL  method  obtains 
the  desired  pattern  and  sensitivity  measurement  without  further  recourse  to  computation.  The 
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DRL  method,  on  the  other  hand,  provides  detailed  information  on  the  individual  elements  and 
thus  may  be  more  useful  for  location  of  faults  and  malfunctions.  The  USRL  method  requires 
the  use  of  a transducer  array  larger  than  the  transducer  under  tests.  (USRL  is  conducting 
studies  to  determine  the  optimum  type  and  size  of  the  array.)  The  DRL  method  requires  only 
a single  small  transducer  or  line,  but  it  requires  that  the  probe  be  scanned  over  an  area  cover- 
ing the  unit  being  calibrated.  The  DRL  method  permits  calculation  of  the  pattern  in  any  desired 
plane,  while  the  USRL  method  is  limited  to  measurement  of  the  pattern  in  the  plane  normal  to 
the  axis  of  rotation  of  the  transducer  under  test.  The  volumes  and  test  distances  required  for 
both  methods  are  much  smaller  than  are  needed  for  conventional  far-field  calibrations.  The 
volume  needed  for  the  DRL  method  is  somewhat  less  than  that  needed  for  the  USRL  method. 

Both  methods  have  been  shown  to  give  satisfactory  results  on  the  transducers  tested  to  date. 
There  are,  however,  instances  in  which  it  would  appear  that  the  techniques  would  not  yield 
calibrations  equivalent  to  far-field  measurements.  One  possible  example  is  a transducer 
which  is  producing  cavitation  at  a distance  from  the  transducer  which  is  greater  than  the  dis- 
tance from  the  transducer  to  the  calibration  probe  or  array.  The  near-field  techniques  assume 
a homogeneous  medium,  and  this  condition  is  not  met  for  a cavitating  transducer. 

The  techniques  of  near-field  calibration  are  in  an  early  developmental  and  research  stage. 
It  is  likely  that  as  more  work  is  done  the  areas  of  application  will  be  extended.  For  instance, 
in  the  DRL  method  an  assumption  is  made  concerning  the  expression  lor  the  normal  component 
of  the  pressure  gradient  (^p  3n  = ikp).  This  assumption  has  been  shown  to  be  valid  for  a num- 
ber of  specific  transducers.  The  reason  for  expressing  the  gradient  in  terms  of  the  pressure 
is  that  suitable  devices  for  measuring  the  gradient  directly  are  not  available.  If  and  when  such 
instrumentation  is  developed,  the  application  of  the  technique  will  be  extended  considerably. 

The  current  state  of  development  of  near -field  techniques  indicates  that  this  method  could  be 
put  to  use  in  the  near  future  as  a means  for  calibrating  and  testing  specific  types  of  production 
transducers  in  Navy  shipyards. 

A second  application  of  near-field  techniques  would  appear  to  be  to  make  preliminary 
tests  of  transducers  prior  to  making  final  far-field  tests  and  calibrations.  This  action  should 
reduce  sharply  the  load  on  deep-water  facilities,  since  many  defects,  malfunctions,  and  short- 
comings should  become  apparent  at  an  early  stage.  Manufacturers  and  others  without  complete 
calibration  facilities  should  make  use  of  the  near-field  technique  prior  to  sending  units  to  Navy 
test  stations  for  calibration.  It  should  be  noted  that  in  some  instances  near-field  measuring 
made  with  the  transducer  in  air  can  serve  to  determine  whether  the  transducer  is  operating 
properly  and  to  locate  faults. 

Recently  DRL  has  instrumented  a 20  x 24  ft  redwood  tank  for  the  calibration  of  the  AN/ 
SQS-23  and  similar  transducers  using  the  near-field  technique.  USRL  is  also  working  actively 
in  this  area.  Work  is  being  conducted  at  Stanford  Research  Institute  and  American  University 
on  other  techniques  for  making  near-field  calibrations  in  small  tanks.  The  reverberation 
method  is  one  of  the  techniques  being  investigated. 

Acoustic  measurements  in  high-pressure  tanks  would  appear  to  be  an  area  in  which  near- 
field measurements  would  be  particularly  useful,  since  the  available  volume  is  so  limited. 

The  near-field  technique  has  several  inherent  advantages  as  a means  for  calibration. 

Since  the  transmission  path  is  extremely  short,  the  measurements  are  essentially  independent 
of  water  conditions  such  as  thermoclines  and  stratification.  Experience  has  shown  near-field 
data  to  be  highly  reproduceable.  When  the  measurements  are  made  in  an  enclosed  tank  the 
usual  advantages  of  a tank  are  obtained.  These  include  (a)  low  ambient,  (b)  isothermal  water, 
(c)  isolation  from  other  noise  sources  and  calibration  systems,  and  (d)  practicality  of  indoor 
installations.  Potentially,  the  near-field  technique  may  be  adaptable  lor  in-place  calibration 
of  sonar  transducers. 


TECHNIQUES  FOR  HIGH-PRESSURE  TESTS 

The  need  for  high-pressure  testing  and  calibration  of  transducers  is  apparent.  An  in- 
creasing number  of  surface  ships  will  be  employing  VDS  sonar  with  the  transducer  at  depths 
to  500  ft  or  more.  The  operating  depth  of  submarines  is  steadily  increasing.  Special  sub- 
mersibles,  such  as  TRIESTE,  ALUMINAUT,  etc.,  will  probe  the  deepest  par's  of  the  ocean. 


16 

There  is  a rapidly  growing  need  for  operating  acoustic  devices  at  great  depths.  All  of  these 
uses  require  calibration  and  testing  of  transducers  under  high  hydrostatic  pressure.  Several 
solutions  are  possible;  none  will  completely  solve  the  problem,  but  all  are  required. 

High-pressure  tanks,  some  for  acoustic  measurements,  are  a necessity  for  the  overall 
program.  The  USRL-proposed  40-ft  anechoic  spherical  tank  should  permit  testing  of  trans- 
ducers, or  components  of  transducers,  with  dimensions  up  to  10  ft  at  simulated  depths  of  per- 
haps 10,000  ft.  The  volume  of  this  tank  will  be  considerably  greater  than  that  of  existing  tanks. 
However,  even  this  facility  will  be  limited  by  the  size  of  transducers  that  can  be  tested. 

Deep-lake  facilities  are  probably  the  only  practical  answer  for  the  testing  of  complete 
large  sonar  transducers  under  tree-field  and  far-field  conditions.  Lake  Pend  Oreille  has  a 
depth  in  excess  of  1000  ft.  Lake  Seneca  and  other  eastern  lakes  have  depths  of  over  500  ft. 

While  these  depths  certainly  are  less  than  deep  ocean  depths,  they  are  sufficient  for  the  testing 
and  calibration  of  VDS  sonars,  most  submarine  sonars,  most  sonobuoys,  and  most  R and  D work. 

Special  deep-diving  submarines  such  as  the  NEL  TRIESTE  can  be  used  as  a sonar  trans- 
ducer calibration  platform  for  going  to  any  desired  depth.  The  weight  limitation  is  severe, 
being  about  1000  lb  total  (including  instrumentation)  for  TRIESTE,  and  the  usage  factor  may 
well  be  low.  However,  this  particular  device  does  have  unique  capabilities  and,  of  considerable 
importance,  it  is  already  in  existence.  It  is  recognized  that  the  total  work  load  of  this  subma- 
rine is  not  sufficient  to  handle  any  large  part  of  the  total  need. 

The  proposed  AUTEC  calibration  facility  will  provide  essential  capability  for  in-place 
calibration  of  transducers  installed  in  ships  and  submarines.  In  addition,  the  stable  platform 
(FORDS)  will  provide  a range  of  pressure  testing  at  depths  in  excess  of  those  available  else- 
where. It,  too,  will  be  limited  in  its  capacity  by  interference,  by  bad  weather,  and  by  remote- 
ness from  the  users.  No  doubt  it  will  be  necessary  to  restrict  its  use  to  those  tasks  which 
cannot  be  handled  elsewhere. 


OPEN  TANKS  AND  ARTIFICIAL  LAKES 

It  should  be  noted  that  many  transducers  can  be  calibrated  (near-field  pulse)  in  compara- 
tively small  and  inexpensive  tanks.  For  example,  the  AN/SQS-4  transducer  can  be  calibrated, 
using  the  near-field-pulse  method,  in  a 7 x 8 ft  tank  which  costs  less  than  $200.  The  discus-  ’ 
Sion  which  follows  considers  some  of  the  types  of  tanks  and  their  general  costs. 

Galvanized  iron  is  used  for  tanks  up  to  5000-gallon  capacity.  The  cost  of  these  tanks  per 
unit  volume  decreases  somewhat  with  size  and  is  about  10  cents  per  gallon  in  the  2000-gallon 
range. 

Ste’l  plate  is  used  to  construct  tanks  of  all  sizes  up  to  2,500,000  gallons,  and  perhaps 
larger.  Again,  the  cost  per  unit  volume  decreases  with  increasing  size.  In  the  100,000-gallon 
size  the  cost  is  about  9 cents  per  gallon,  including  erection  and  cover.  The  cover  may  amoimt 
to  as  much  as  20  percent  of  the  cost. 

Concrete  is  favored  for  the  construction  of  very  large  tanks.  In  one  example  a 10,000,000- 
gallon  concrete  tank  cost  approximately  4 cents  per  gallon  (i.e.,  $400,000  exclusive  of  excava- 
tion and  engineering). 

Redwood  stave  construction  is  commonly  used  in  tanks  of  capacities  up  to  1,000,000  gal- 
lons. The  height  of  these  tanks  is  normally  about  20  ft,  although  sUve  splicing  can  be  employed 
for  greater  heights  at  an  increase  in  cost  per  unit  volume.  The  erected  cost  of  a redwood  tank 
is  similar  to  that  of  a steel  tank  of  equal  capacity.  The  price  for  a 500,000-gallon  redwood 
tank  is  alwut  7 cents  per  gallon,  while  for  a 60,000-gallon  tank  (20  ft  high  x 24  ft  diameter)  the 
cost  is  about  11  cents  per  gallon. 

In  some  instances  artificial  ponds  or  lakes  can  be  formed  at  a cost  less  than  for  a tank  of 
comparable  size.  Shallow  pools  in  soil  can  be  dug  by  a bulldozer  to  depths  up  to  20  ft  at  a cost 
of  approximately  20  cents  per  cubic  yard.  Clamshell  excavation  for  moderate  depths  runs  at 
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approximately  40  cents  per  cubic  yard.  For  depths  in  the  «rder  of  100  '‘epths 

niight  cost  several  times  this  figure.  Hard  strata  will  increase  the  cost,  of  course. 


AUTOMATION  IN  TRANSDUCER  CALIBRATION 

A greater  use  of  automation  in  data  collection  and  processing  offers  several  advantages 
It  should  result  in  higher  accuracy,  precision,  and  reliability.  It  should  also  result  in  f'tst 
daL  procrssing  and  Lould  require  fewer  people  for  this  phase  of  the  work.  There  is  a need 
ioT  a^^ell -designed  general  system  which,  through  selection  of  component  assemblies,  would 
Le  suuable  for  all  sizes  of  facilities,  large  and  small,  and  which  would  have  sufficient  Hex  - 
bilitv  to  permit  expansion  and  modification  as  techniques  are  improved  and  modified.  Digital 
sislems,  because  of  the  inherent  flexibility,  are  preferable  in  general  to  analogue  devices. 

Automation  in  the  equipment  for  handling  transducers  also  has  much  to  offer  The  grow- 
ing demand  for  calibration  of  transducers  at  great  depths  °Lcvc1e 

oping  improved  equipment  tor  positioning  the  transducer  at  the  desired  depth.  The  b eye  e 

cLin"  transducer  column  being  installed  by  NEL  at  Lake  Pend  ^or^TJ^ 

that  has  much  to  offer.  The  type  of  articulated  strut  employed  on  early  ASW  VDS  sonars  ana 

present  VDS  minehunting  sonars  may  be  suitable  as  a transducer  ^ 

length  Transducer  supports  employing  flexible  cables  are  entirely  practical.  The 

mechanism,  together  with  a reference  direction  sensor,  would  be  attached  o the  lower  end  of 

the  cable  with  the  control  and  position  repeaters  located  on  the  surface 

generation”  type  of  column  is  needed  if  the  deep-water  facilities  are  to  be  used  efficiently. 

In  the  development  and  expansion  of  floating  facilities,  anchored  ^ 

serious  consideration  should  be  given  to  the  design  of  equipment  lor  P'okmg  up  ^ 
on  shore  and  placing  it  in  position  on  the  platform  for  calibration. 

can  be  lost  due  to  inefficiency  in  the  arrangements  for  handling  large,  heavy  transduce  s. 


CALIBRATION  FOR  SMALL,  LOW-FREQUENCY  HYDROPHONES 

It  is  often  entirely  practical  to  calibrate  small,  low-frequency  hydrophones  by  means  of 
secondary  calibration  "pots."  These  are  employed  to  some  extent  at  the  present 
probably  not  to  the  extent  they  should  be.  Basically,  the  calibrator  consists  of  a stiff -walled 
vessel  containing  a low-frequency  acoustic  driver,  monitoring  calibrated  transducer,  the 
mometer,  pressure  gauge,  and  opening  to  which  the  hydrophone  to  be 

interior  volume  is  made  as  small  as  possible.  The  interior  is  pumped  up  to  the  static  pres 
sure  desired.  The  entire  assembly  can  be  placed  in  a controlled-temperature  box.  This  yp 
of  calibrator  is  inexpensive,  small,  simple  to  use,  and  has  sufficient  accuracy  tor  most  p 
plications. 


FACILITY  REQUIREMENTS  FOR  THE  CALIBRATION  OF 
MINEHUNTING  SONAR  TRANSDUCERS 


Minehunting  sonars  which  have  been  developed  during  the  past  15  years  have  operated  ,^^1 
frequencies  from  35  kc  to  1500  kc.  Transducer  dimensions  have  been  as  large  as  100 
more  typical  values  are  in  the  order  of  36  in.  or  smaller.  Hydrophone  beamwidths  range  from 
5 degr^s  to  0.1  degree.  Source  levels  have  ranged  up  to  +135  db  for  pulse  sonars  and  +11 
for  continuous  transmission. 


Generally,  it  is  desirable  to  obtain  directivity  patterns,  source  level,  and  hydrophone 
sensitivity  for  the  transducer  in  the  far  field. 

The  criterion  of  Eq.  (1)  is  usually  the  most  difficult  one  to  meet.  For  exarnple,  a 36-in. 
hydrophone,  operating  at  100  kc,  requires  a test  distance  of  approximately  180  ft.  Many  ca  i- 
bLtion  facilities  do  not  have  a test  range  this  great.  For  a classification  sonar  operating  . 
350  kc  with  a 36-in.  hydrophone,  the  far-field  distance  is  approximately  650  t.  Such  a irans 
ducer,  however,  would  seldom  be  used  at  such  a range;  that  is,  it  would  usually  lie  operated  in 
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the  near  field,  and  it  would  be  desirable  to  obtain  patterns  for  the  ranges  at  which  it  would  be 
used.  It  should  also  be  noted  that  transducers  may  be  calibrated  for  separations  as  small  as 

0.5  and  corrected  to  far-field  conditions  with  considerable  confidence. 

In  summary,  it  is  believed  that  a test  distance  of  approximately  100  yards  would  be  suffi- 
cient for  the  calibration  of  most  minehunting  sonar  transducers.  A water  depth  of  at  least  60 
ft  is  desirable.  By  positioning  the  transducer  at  mid-depth  and  with  a test  distance  of  300  ft, 
the  direct  path  signal  can  be  resolved  from  the  boundary  reflected  signals  for  pulses  as  long 
as  1.0  millisec.  Further,  the  vertical-plane  directivity  is  usually  such  as  to  eliminate  bound- 
ary reflections.  Isovelocity  water  for  the  transmission  path  is  necessary  for  the  calibration 
of  the  transducers  at  high  frequencies.  It  should  be  noted  that  special  recording  equipment  is 
required  for  the  accurate  measurement  of  beam  patterns  having  beamwidths  in  the  order  of 
0.1  degree. 

It  is  entirely  feasible  to  calibrate  minehunting  sonar  transducers  by  means  of  near-field 
measurements.  At  Defense  Research  Laboratory  this  technique  is  used  to  locate  malfunctions 
in  transducers  but  has  not  yet  been  used  to  compute  directivity  patterns  and  source  levels  at 
frequencies  above  150  kc. 

The  calibration  of  high-frequency  transducers  at  DRL  is  done  at  the  Lake  Travis  Test  Sta- 
tion. Water  depth  under  the  barge  is  60  ft  and  increases  to  200  ft  at  the  deepest  part  of  the 
lake.  Test  distances  are  adequate  for  all  of  the  transducers  encountered  to  date.  One  test 
path  is  between  the  barge  and  a subsurface  tower  in  the  lake.  The  separation  is  450  ft.  On  the 
barge  test  paths  up  to  100  ft  are  available. 

CALIBRATION  OF  TRANSDUCERS  FOR  ACOUSTIC  MINE  MECHANISM 

Acoustic  mine  mechanisms  are  of  two  general  types,  active  and  passive.  Passive  units 
usually  operate  in  the  low  sonic  frequency  range,  while  active  units  generally  operate  in  the 
middle  or  high  kilocycle  range.  Requirements  for  calibration  facilities  are  not  very  difficult 
to  meet.  The  high-frequency  active  units  are  of  necessity  small,  and  calibration  can  be  accom- 
plished with  ease  in  most  tanks.  These  units  are  generally  pulse-transmission  types.  Passive 
units  are  generally  small  omnidirectional  units.  These  transducers  can  usually  be  calibrated 
in  a small-volume  pressure  chamber  or  calibration  pot  in  which  the  fluid  volume  is  made  as 
small  as  possible.  Straight  calibration  is  not  difficult,  but  mine  mechanisms  are  used  often  on 
the  ocean  bottom  or  near  reflecting  surfaces  of  the  ocean  bottom  and  top.  In  situ  calibration 
is  more  difficult  but  can  be  achieved. 

Generally,  existing  facilities  at  Naval  Ordnance  Laboratory  and  Defense  Research  Labo- 
ratory are  adequate  to  accommodate  the  calibration  of  acoustic  mine  mechanism  transducers. 
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CHAPTER  3 

EXISTING  FACILITIES 


The  information  presented  in  this  chapter  includes  data  from  a wide  variety  of  transducer 
calibration  facilities  that  are  owned  and  operated  by  the  Navy,  by  Navy-supported,  nonprofit 
institutions,  and  by  private  contractors.  The  basic  data  have  been  obtained  by  direct  solicita- 
tion, and  considerable  effort  has  been  extended  for  the  sake  of  completeness.  If  any  omissions 
have  occurred,  they  probably  represent  newly  acquired  facilities  of  private  contractors  who 
are  just  beginning  to  venture  into  transducer  and  undersea-warfare  research  and  development. 

Before  looking  closely  at  the  characteristics  of  the  various  facilities,  one  may  find  it 
informative  to  consider  their  geographical  distribution.  Figure  4 is  a United  States  map  show- 
ing the  locations  of  the  various  facilities.  The  legend  on  the  figure  identifies  each  facility  with 
its  cognizant  activity.  The  rather  notable  clustering  of  facilities  which  occurs  in  the  north- 
eastern part  of  the  United  States  reflects  the  high  concentration  of  transducer  research,  devel- 
opment, and  industrial  support  centers  in  this  region.  Of  the  24  facilities  listed,  however,  only 
six  are  operated  by  Navy  in-house  and  contract  laboratories  for  research  and  development 
purposes. 

In  the  summaries  to  follow,  the  calibration  facilities  have  been  categorized  according  to 
two  different  schemes.  The  first  scheme  subdivides  the  facilities  according  to  size.  Tabid  1 
presents  information  on  those  facilities  that  employ  oceans,  ocean  inlets,  and  large  lakes. 
Specifically,  this  table  includes  only  those  facilities  having  useful  water  depths  of  200  ft  or 
more.  The  volume  of  water  at  each  of  these  facility  sites  is  greater  than  lO'^  cu  ft. 

Table  2 gives  similar  information  on  facilities  employing  small  lakes,  rivers,  bays,  ponds, 
and  pools.  This  table  includes  those  facilities  that  are  too  small  to  fall  in  the  first  category 
but  that  are  large  enough  to  have  an  associated  water  volume  of  more  than  lO"*  cu  ft.  In  order 
for  this  table  to  be  as  up  to  date  as  possible,  the  NEL  Transducer  Evaluation  Center,  TRANS- 
DEC,  which  is  now  under  construction,  has  been  included,  and  the  NEL  Sweetwater  Calibration 
Station,  which  will  be  closed  following  the  completion  of  TRANSDEC,  has  been  omitted. 

Table  3 presents  data  on  those  facilities  which  have  an  associated  water  volurhe  of  less 
than  10^  cu  ft.  As  the  reader  will  note,  some  of  the  chambers  listed  have  volumes  of  only  a 
few  cubic  feet.  Special  attention  is  invited  to  this  table,  because  it  includes,  with  the  exception 
of  the  TRIESTE,  all  of  the  high-pressure  (1000  psi)  acoustic  calibration  facilities  that  are  cur- 
rently available.  The  pressure  and  frequency  capabilities  of  these  chambers  are  given  in  the 
right-hand  column. 

The  next  method  used  in  categorizing  these  facilities  is  according  to  controlling  activity 
and  use.  In  order  to  make  these  divisions  meaningful  in  terms  of  the  ultimate  potential  of  the 
various  facilities,  water  depth  has  been  introduced  as  a distribution  parameter.  Figure  5a  is  a 
histogram  showing  the  distribution  according  to  water  depth  of  the  U.S.  Navy  and  Navy- 
controlled  calibration  facilities  which  are  used  for  transducer  research  and  development.  The 
reader  should  note  that  the  depth  intervals,  rather  than  being  linear,  increase  successively  by 
factors  of  two.  The  significance  of  each  interval's  being  twice  the  size  of  its  predecessor  is 


NOTE  - Tile  colU’Ction  of  subniittod  original  material,  both  data  .and  pictures,  is  too  large  .and 
bulky  to  be  included  in  this  publication.  However,  the  material  is  on  file  in  the  Office  of  N.iv.il 
Rese.arch,  Codi’  468  (Acoustic  Programs),  and  may  be  consulted  and  inspecU'd  tlu-re. 
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that  the  facilities  fallins;  within  a particular  interval  have  essentially  a two-fold  greater  low- 
frequency  calibration  potential  than  those  falling  in  the  next  smaller  interval. 

Also,  in  the  compilations  shown  in  this  and  the  following  figures,  two  or  more  separate 
barges  or  pier  houses  on  the  same  body  of  water  have  been  counted  as  two  or  more  facilities. 

On  the  other  hand,  the  TRIESTE,  which  is  already  being  used  in  transducer-calibration  work  at 
depths  far  greater  than  1280  ft,  is  not  included  in  the  histogram. 

Figure  5b  is  a similar  histogram  for  existing  U.S.  Navy  evaluation  and  test  facilities. 

Neither  of  the  two  deeper  facilities  is  adequately  equipped  or  instrumented  for  transducer 
research  and  development,  nor  were  they  ever  intended  for  this  purpose. 

t 

Figure  5c  is  a histogram  giving  the  distribution  as  a function  of  water  depth  of  contractor- 
owned  facilities.  The  large  number  of  facilities  falling  within  the  10  to  20  ft  depth  increment 
reflects  the  contractors'  needs  for  production  test  facilities.  Although  the  histogram  gives  no 
clue,  correspondence  received  in  connection  with  the  solicitation  for  information  indicates  that 
many  of  these  facilities  are  new  and  have  been  procured  by  contractors  who  are  just  entering 
the  field. 

The  Navy's  best  and  most  versatile  deep-water  calibration  facility  is  located  in  Idaho  on 
Lake  Pend  Oreille.  The  upper  left  portion  of  Fig.  6 shows  the  position  of  the  lake  with  respect 
to  the  borders  of  Idaho.  The  remainder  of  the  figure  is  an  enlargement  of  the  circled  portion 
of  the  lake.  The  position  of  the  village  of  Bayview  and  of  the  David  Taylor  Model  Basin  Field 
Station  are  shown,  along  with  the  present  position  of  the  NEL  Calibration  Station  barge.  The 
600  and  900  ft  depth  contours  are  also  presented  for  reference  purposes. 

Although  Lake  Pend  Oreille  Is  geographically  poorly  located  with  respect  to  the  centers  of 
transducer  research,  development,  and  industrial  support,  it  has  many  desirable  features  to 
offer  from  the  transducer-calibration  point  of  view.  It  is  some  30  miles  long  and  three  to  five 
miles  wide.  The  depth  over  most  of  its  extent  is  greater  than  1000  ft,  typically  being  greater 
than  500  ft  within  100  ft  of  shore.  The  lake  is  accessible  and  open  throughout  the  year.  It  can 
be  reached  by  either  highway  or  railroad,  and  assemblies  weighing  some  50  tons  can  be  lowered 
directly  from  railroad  cars  on  the  trestle  near  Sand  Point  to  barges  on  the  lake  below. 

Except  near  the  surface  the  temperature  of  the  lake  remains  constant  at  39 °F  winter  and 
summer,  with  the  surface  water  dropping  to  this  temperature  in  midwinter.  This  thermal  | 

structure  makes  it  possible  to  avoid  the  effects  of  thermoclines  and  to  remove  the  discrepan-  ' 

cies  caused  by  temperature  variations  from  comparative  measurements  made  over  long  time 
periods  and  at  different  times.  Its  low  ambient  noise  level  (-43  db  referred  to  1 microbar  at 

32  cps  with  a slope  of  -6  db/octave  increase  in  frequency)  makes  it  very  suitable  even  for  : 

large-scale,  low-frequency  receiving-array  calibrations. 

The  NEL  Pend  Oreille  Calibration  Station  now  operates  a double  shift  during  the  five  mid- 
year months,  and  a single  shift  during  the  remainder  of  the  year.  A large  single  moored  barge 
houses  the  principal  calibration  facilities.  Primary  power  of  560  kva  is  supplied  via  shore- 

connected  underwater  power  cables,  and  transport  barges  are' used  for  ferrying  transducers  ! ’ 

and  associated  equipment  to  and  from  the  moored  barge.  .1  ! 

Lake  Pend  Oreille  has  ample  room  to  accommodate  a second  barge  nd  in  fact  plans  for  a l’ 

special-purpose  mobile  barge  specifically  designed  to  meet  the  amplifier -transducer  develop- 
ment  and  engineering-evaluation  requirements  for  the  echo-ranging  source  now  being  developed 
by  NEL,  for  the  FACSS  system,  are  currently  being  evolved  by  NEL.  Inasmuch  as  this  barge 
would  be  necessitated  by  and  used  exclusively  for  the  FACSS  system,  the  costs  would  be  borne 
by  that  project  and  would  not  come  from  major-facilities  construction  money. 


J 


CONFIDENTIAL 


Ky. 


N.C. 


Tenn. 


S,  C. 


< Miss,  i 

i 

t 

\ 

3, 


Ala. 


Gd. 


w 


ACTI\  ITV 

1 I'.  S Naval  1 >>n»  Ho  ^<aiK>n 

2.  SniHvl  Naval  Shn-yarH 

1.  A|>|>h«H  I’hvsH  s l.al'orainrv 

Hniv«>ralty  »*f  V^aKhme****! 

4.  SeaMl«»  Hov«'loj>fn«  n*  I alMiratory 
MmnnapoliH  llnrw-vvt'fll  H<*enIa(or  Co. 

5.  U.  S.  Navy  tronl*  a I.al>oratorv 

R,  Mara  lalaml  Naval  ShipyarH 

7.  Stanford  Ht-Brarth  InHtttuta 

8.  Fdo  Corp. 

9.  liandiK- Pacific 

10.  C.  S.  Naval  <>rdnan«a  Tc^t  Station 

11.  Hughes  Aircraft  Co. 

12.  Pearl  Harbor  Naval  Shipyard 
1 1.  Recearch  Manufa>  tiiring  Co. 

14.  Texas  InstrumentH  Inc, 


IS, 


fVfrnBc  Research  l.alH>raiory 
University  of  Texas 


'7 


23 

PAGF  2s  IS  BLANK 


LOC’ATIOX  OF  F.Arii.JTV 

Kevt'orl.  a slimgl-cri 
Carr  Inic'i.  \4ashnn;ic*»i 
Seaiile,  M a shiiii^lcMi 


|fi.  Sangamo  f lee  trie'  ('o. 

17.  Research  l.ahoratorieB  l>lvision 
If**ndix  Corporation 

18.  General  Klerlrir  Co,  Syracuse  DiviMon 
1 S.  General  l>ynami<  */  Clectrc’nic* 

20.  Ordnance  Research  l.aboratorv 

21.  P.  S.  N.ivy  Mine  Iiefense  l.aboratory 

22.  P.  S.  Navy  I’nHervuter  Sound 
Reference  t.aboratory 

2 7.  Sprague  Klectri'  Co. 

24.  U.  S.  Naval  Sonobuoy  Tent  Facility 
(miWKPS/NAlK-) 

25.  Raytheon  Co. 

Submarine  .Signal  Oi>erattona 

2fi.  Boston  Naval  Shipyard 

27.  Massa  Division,  Cohu  Flectronira.  Inc  . 

28.  P.  S.  NavaM'nder»ater  Ordnance  Station 
2P.  Dayatrom  Flectric  Co. 

.10.  General  Instrument  C.  tp, 

11.  11.  S.  Navy  Underwater  Sound  Ijiboratory 

12,  Flectric  Boat  fhv  ision.  General  Dynamics 
11.  Gulton  Industries.  Inc. 

34.  Grumman  Airc  raft  Co. 

38.  RCA  1-iboralories 

IS.  V.  S.  Naval  Air  llevelopment  ('enter 

37.  Martin  Aircraft  Co. 

18.  Ordnanc  e Division 
\4estinghouse  IVfense  Center 

19.  P.  S.  Naval  Ordnance  l.ahoratory 
4ft.  Chesapeake  Instrument  Corp. 

41.  P.  S.  Naval  Research  fjiboratory 

42.  Dalmo  Victor  ('ompany 
41.  The  Magnav-**  Company 
44.  Haielline  Corporation 

48.  Westinghouse  Research  laboratories 


I ake  lAaKiciiigtiM 


Scatile.  Ua 


San  Diego.  California 
lake  Pc  nd  0»  c illc  , Idaho 

Vallejo,  California 
Menlo  Park.  Caliloinia 
College  I’oinl.  N«-»  York 
North  Hollywood.  Californi.c 
Morns  Item.  Pasadena.  Calif 
!■  ullcrton.  California 
Oahu.  Hawaii 
*^n  Diego.  California 
DuHas,  1ex.iv 

lake  Travis.  Austin  Texas 

Spruigfielci,  Illinois 
Scvithfndd,  Michigan 

lake  ( aviga  New  York 

lake'  'M*occa.  New  York 
Roc  best,  t N«  w York 
Black  Movhannon  State  Park,  I’a 
Pniversiiv  Park,  Penn*  \ Ivani.i 

Panama  Cilv,  Florida 

Orlaivto.  Florida 
t.eevhurg.  Flori'ta 
Norih  Adams.  M.>|iic.a»  husc-Ms 
Gulf  of  Maine 

Portsmouth.  Rhode  Islan-f 
Southlioro.  Masv*,  huvetts 

Bouton.  Mawa*  hiiveilv 
Hingham.  Mavvac  h ivetts 
Ncwjiort.  Rhode  UUn-t 
PoughkiT|*vM  Ne  w Y'crk 
VkcMcdliorv.  Conm  < In  ut 
Iktdgi  Pond.  Niantic  . I onne  . to  u 
Uafcrfofd.  Connec  in  ut 
Metuc  hen.  New  lerscN 
Bethpage  , Nc-w  1 <*i  k 
Princeiiin.  Nc-w  ter«e\ 

.lohnsville.  IN  nn«v  h ania 
Orelarwt,  lVnns\U  ania 

Middle  River.  Marvland 
Baltimore,  Mar  > land 

Triadelphia  lake-,  Brifhtim  Md, 
Shartvsid* , Marvl.ind 
Uashmgton.  D.  C. 

Belmont,  California 
Fort  iAaxac  Indiana 
Greenlaw  n.  Ne  w York 
Pittsburgh.  P«-nns»  Ivania 


underwater  transducer  calibration  facilities 


CONFIDENTIAL 


26 


CONFIDENTIAL 


Fig.  7.  Calibration  facilities  at  Lake  Seneca,  Now  York 
The  upper  portion  shows  the  lake  with  respect  to  the 
boundaries  of  New  York  and  the  New  York  Barge  Canal. 
The  lower  portion  is  an  enlarged  outline  of  part  of  the 
lake.  The  indicated  depths  are  in  feet. 


, ork'  United  States,  the  one  best  suited  for  low-frequency  calibration 

wo  k IS  Lake  Seneca,  located  in  the  Finger  Lake  region  of  New  York.  The  upper  portion  of 

respect  to  the  boundaries  of  New  York  and  with  re- 
Canal.  The  lower  portion  of  the  figure,  an  enlarged  outline  of  the 
t^  the  location  of  the  existing  General  Dynamics/Electronics  Calibration  Facility  and 

Itou?  3 m^ll^  Navy-owned  facility.  This  lake  is  about  35  miles  long  and 

about  3 miles  wide  at  its  widest  point.  The  maximum  water  depth  is  approximately  600  ft  and 
It  has  a clay  and  fine-sand  bottom.  ouu  n,  ana 

Geographically,  the  lake  is  well  situated  with  respect  to  much  of  the  transducer  develop- 

h y Hudson  River,  and  with  Lake  Ontario  and  the  St.  Lawrence  Seawav.  Al- 

though the  canals  may  be  closed  to  traffic  three  to  four  months  per  year,  the  facilities  on  the 
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A resume  of  facilities  would  not  be  complete  without  some  example  showing  the  increasing 
demands  being  made  on  existing  facilities.  For  this  purpose,  three  additional  figures  taken 
from  the  records  of  the  U.S.  Navy  Underwater  Sound  Reference  Laboratory  are  included. 

Figure  8 gives  the  number  of  high-quality  calibration  transducers  that  USRL  has  had  on  loan 
over  the  past  3-1/2-year  period  to  other  calibration  facilities.  Worthy  of  special  note  is  the 
fact  that  the  rate  of  issue  in  the  past  year  has  jumped  from  65  to  95  units  per  year.  Figure  9 
shows  the  number  of  normal  calibrations  performed  by  USRL  each  year  over  the  past  seven 
years.  The  trend  is  typical  of  all  Navy -owned  R and  D facilities,  and  it  shows  that  the  work- 
load has  essentially  doubled  in  the  last  three  years. 

Lastly,  Fig.  10  shows  that  the  demand  for  calibrations  at  pressures  and  temperatures  far 
removed  from  typical  near -surface  ambients  has  risen  fourfold  in  the  last  four  years. 


Fig.  8.  Secondary  standard  transducers  on 
loan  by  USRl.  to  other  Navy  activities  and 
cont  ractors 


Cilentfo  Teat 


Fig,  9.  Number  of  transducers  calibrated 
under  ambient  conditions  at  USRL  each  year 
over  the  past  seven  years 
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Table  1 

Underwater  Sound  Calibration  Facilities  EJnploylng  Oceans  and  Large  Lakes  and  Inlets  (Depth  200  ft;  Water  Vol. 
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Naval  Research  Laboratory  YFTiX-13  Sound  Transducer  250  yd  aide  « 25  Six  tons  10  k»  (175  kva  Five  Calibration  capability  limited 

Washington.  D.C.  barge  on  Potomac  research  and  ft  deep.  Length  primary  pover)  to  frequency  range  beteeen  2 

River.  Alexandria,  development  essentially  un-  and  150  kc. 


2 ml  long"  220  100  lb  60  watts  Six  Sound  barge  and  hydrophone 

ft  wide*  28  ft  calibration  facility, 

deep 


ordnance  Research  Laboratory  Plllng-supported  Transducer  and  2.5  ml  * 1000  ft,  Two  tons  10  watts  (75  kva  Five  Upper  frequency  limit  on  cur- 

Unlversity  Park.  Pa.  building  on  lake  acoustic  torpedo  14  ft  deep  primary  power)  rent  instrumentation  150  kc. 


Texas  Instmaents  Incorporated  Indoor  rectangular  30  ft  « 15  ft  « 14  — 300  watts  Three  Facility  employs  a gated-pulse  calibration 

Dallas.  Texas  concrete  tank  ! ft  deep  system.  Upper  frequency  limit  of  Insiru- 
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CHAPTER  4 

THE  PROBLEM  AREAS 


TECHNICAL  REQUIREMENTS 

A discussion  of  the  problem  areas  affecting  the  calibration  of  acoustic  transducers  logi- 
cally begins  with  a consideration  of  the  technical  requirements  imposed  by  the  transducers 
themselves.  Equipment  characteristics  such  as  weight,  size,  power,  frequency,  and  environ- 
mental factors  such  as  operating  depth  establish  the  requirements  which  the  calibration  facili- 
ties must  meet  if  adequate  tests  are  to  be  run. 

Tables  giving  equipment  parameters,  operating  depths,  required  facility  water  depth,  and 
current  status  of  the  principal  transducers  in  several  of  the  major  categories  listed  in  Chapter 
1 will  be  published  separately  at  higher  classification. 

An  examination  of  transducer  characteristics  reveals  two  significant  trends  which  are  of 
paramount  importance  in  assessing  the  transducer-calibration-facility  picture.  First  is  the 
trend  toward  larger,  heavier,  lower-frequency,  higher -powered  transducers.  For  example, 
the  SQS-4,  SQS-23,  and  SQS-26  transducers  weigh  2 to  5,  10,  and  30  tons,  respectively.  The 
weight  of  the  early  Lorad  transducer  was  seven  tons;  the  current  model  weighs  19  tons,  and 
projected  future  models  will  weigh  over  90  tons.  Three-quarters  of  the  modules  of  the  Artemis 
transducer  in  MISSION  CAPISTRANO  are  now  assembled  in  place,  and  the  whole  will  weigh  325 
tons  when  complete.  Similarly,  input  peak-power  requirements  have  risen  from  a few  kilo- 
watts into  the  megawatt  range.  For  most  of  these  transducers  the  water  depths  required  for 
cw  calibration  measurements  are  of  the  order  of  several  hundreds  of  feet.  Even  though  much 
of  the  test  work  may  be  done  in  smaller  facilities  using  some  of  the  special  techniques  de- 
scribed in  Chapter  2,  deep-water  facilities  such  as  Lake  Pend  Oreille  are  required  for  com- 
plete evaluation  of  the  transducers.  The  trend  clearly  indicates  that  the  need  for  such  facilities 
will  continue  to  increase. 

The  second  trend  is  toward  deeper  operating  depths.  Variable-depth  sonars  are  being 
developed  for  surface  ships.  Submarine  depths  are  continually  being  increased.  Helicopter- 
dipped  sonar  cables  are  being  extended  to  500  ft.  A standard  depth  of  1500  ft  has  recently  been 
specified  for  sonobuoy  hydrophones.  A requirement  for  1500  ft  now  exists  for  torpedo  trans- 
ducers. The  Artemis  projector  is  to  be  placed  at  a depth  of  1200  ft,  and  the  depth  of  the  receiv- 
ing array  will  range  from  4000  to  7000  ft.  And,  finally,  depths  in  excess  of  12,000  ft  are  re- 
quired for  bottom-mounted  surveillance  transducers  and  for  equipments  such  as  Deep  Julie 
hydrophones  and  explosive  charges  and  the  Air  Transportable  Sonar  buoy,  which  are  being 
developed  to  make  use  of  the  reliable  acoustic  path. 

Calibrations  of  high-powered  submarine  and  VDS  transducers  must  t)e  made  at  sufficient 
depth  to  avoid  cavitation.  Deep  lakes  such  as  Pend  Oreille  and  Seneca  should  Ik?  satisfactory. 
For  the  smaller,  lower-powered  airborne  transducers,  tpsts  in  pressure  tanks  should  suffice 
to  establish  the  effect  of  pressure  variation  and  enable  routine  calibrations  to  lie  carried  out 
at  shallower  depths. 

However,  the  most  significant  implication  of  the  trend  toward  great  operating  depths  is  the 
need  for  high-pressure  test  facilities.  Although  ultimately  calibrations  of  very  deep  transduc- 
ers must  be  carried  out  in  the  ocean,  either  at  AUTEC  or  in  deeper  water,  it  is  utterly  imprac- 
tical to  go  to  sea  for  the  many  tests  required  for  research,  development,  prototype  evaluation, 
and  production  acceptance.  Adequate  pressure  tanks  readily  accessible  to  latxiratories  and 
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manufacturers  are  essential  if  excessive  delays  in  the  accumulation  of  knowledge  and  the 
development  of  adequate  hardware  are  to  be  avoided.  The  need  for  pressure  facilities  is 
already  acute,  and  the  trend  clearly  shows  that  unless  prompt  action  is  taken  it  will  become 
steadily  worse. 


LIMITATIONS  OF  AVAILABLE  FACILITIES 

In  assessing  the  Navy's  needs  for  transducer  calibration  facilities,  one  must  take  into 
account  other  factors  in  addition  to  the  technical  requirements.  While  it  is  obvious  that  facili- 
ties must  be  available  which  have  adequate  weight-handling  capacity,  water  volume,  power, 
frequency  range,  hydrostatic  pressure,  etc.,  for  the  transducers  to  be  calibrated,  other  factors 
such  as  availability,  workload  capacity,  and  adequate  staffing  are  equally  important.  Analysis 
of  the  current  demands  on  calibration  facilities  leads  to  a division  of  the  problem  into  five 
categories,  according  to  the  purpose  of  the  tests: 

1.  Standards  and  techniques 

2.  Research  and  development  by  in-house  and  nonprofit  contract  laboratories 

3.  Other  contractor  development 

4.  Prototype  and  preproduction  testing 

5.  Production  acceptance  and  maintenance  testing. 

The  normal  course  of  development  of  a sonar  system  begins  with  research  and  continues 
through  the  development  of  a prototype  model  which  must  be  thoroughly  evaluated,  the  con- 
struction and  acceptance  of  preproduction  samples,  routine  acceptance  tests  of  production 
items,  and  finally  maintenance  and  overhaul  tests  of  fleet  equipment.  In  addition,  facilities 
are  required  for  the  calibration  and  maintenance  of  standards  and  the  development  and  im- 
provement of  calibration  techniques.  Since  the  nature  of  the  measurements,  the  methods  em- 
ployed, the  characteristics  and  desired  location  of  facilities,  and  the  workload  all  depend 
strongly  upon  the  purpose  of  the  tests,  it  will  be  convenient  to  discuss  each  of  the  categories 
separately.  Because  of  the  shortage  of  available  facilities,  however,  a complex  situation  has 
developed  in  which  facilities  designed  for  one  purpose  are  in  some  cases  being  pressed  into 
service  for  other  purposes  as  well.  This  is  particularly  true  of  certain  R and  D facilities 
which  are  being  required  to  devote  a large  percentage  of  their  use  to  prototype  and  preproduc- 
tion testing. 


Standards  and  Techniques 

All  meaningful  measurements  rely  on  the  existence  and  use  of  standards.  Standards  are 
carefully  calibrated  and  are  designed  to  hold  their  calibrations  for  a reasonably  long  time  when 
used  as  intended.  Recalibration  is  desirable  periodically  or  whenever  inaccuracy  is  suspected. 
The  U.S.  Navy  Underwater  Sound  Reference  Laboratory  has  as  one  of  its  primary  responsibili- 
ties the  design  and  calibration  of  all  standards.  USRL  has  discharged  this  responsibility  in  a 
highly  satisfactory  manner.  Some  concern  is  felt  that  other  demands  on  their  limited  personnel 
may  infringe  on  a continuing  adequate  output  of  standards.  This  must  not  be  permitted. 

The  development  of  techniques  for  use  in  taking  measurements  is  not  so  completely  cen- 
tered in  one  activity  as  is  the  provision  of  standards.  USRL  should  and  does  play  an  important 
role  and  is  presently  taking  the  lead  among  in-house  laboratories  in  the  development  of  near- 
field techniques  for  making  transducer  measurements.  Other  latmratories  continue  to  solve 
specific  problems  in  which  they  are  involved. 

Near-field  techniques  are  receiving  attention  also  from  a number  of  contractors.  The 
contribution  of  the  Defense  Research  Laboratory  is  particularly  noted.  This  area  of  study 
needs  continued  support  because  of  its  potentially  broad  application  and  the  economy  ol  space 
which  it  offers. 
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The  area  o£  standards  and  techniques  is  not  regarded  as  oflering  any  serious  problems  if 
adequate  priority  is  assigned  at  USRL  and  sufficient  personnel  are  provided  there. 


Research  and  Development  by  In-house  and 
Nonprofit  Contract  Laboratories 

Research  and  development  are  the  first  steps  in  meeting  fleet  needs.  Data  must  be  taken, 
problems  must  be  solved,  improvements  must  be  made,  and  new  types  of  transducers  must  be 
evolved  to  provide  knowledge  which  can  be  tapped  to  meet  fleet  requirements.  Without  re- 
search and  development  fleet  problems  would  be  increased,  and  the  cures  would  be  more 
costly  to  achieve. 

The  scientist,  in  making  measurements,  cannot  be  satisfied  with  a few  statements  and 
rules  of  operation.  He  wishes  to  know  why  his  advice  behaves  as  it  does,  how  it  will  behave 
under  a wide  variety  of  parameter  variations,  and  how  long  it  will  operate  properly.  He  seeks 
confirmation  and  further  development  of  theory,  evaluation  of  fatigue  and  life,  and  establish- 
ment of  design  limitations.  The  facility  requirements  for  research-and-development  meas- 
urements are  far  more  difficult  and  subtle  than  for  routine  tests  of  production  items,  because 
of  the  need  for  maximum  versatility  and  the  demand  for  the  elimination  of  all  variables  except 
the  one  under  study. 

The  current  level  of  research-and-development  activity  is  difficult  to  specify  in  any  terms 
which  will  be  uniformly  informative  for  all  lalxiratories,  since  the  calibration  of  a unit  may 
vary  from  a simple  determination  of  response  of  a single  element  at  a few  frequencies  to  the 
testing  of  complicated  arrays  of  many  interacting  transducers.  In  addition,  there  are  facility 
scheduling  problems,  since  in  the  course  of  development  all  progress  may  be  held  back  pend- 
ing the  determination  of  a particular  characteristic.  This  leads  to  difficulty  in  evaluating  the 
efficiency  of  operation  of  a facility  or  of  the  needs  for  additional  capability. 

Information  Obtained  from  Laboratories  - In  an  attempt  to  establish  the  current  status,  a 
quesUonnaire'was  se^^^^^  18  Navy  in-house  and  nonprofit  contract  laboratories.  Of  the  17 
replies  received,  three  organizations  (DTMB,  OCEANO,  WHOI)  reported  that  they  have  no 
facilities  of  their  own  but  rely  on  those  of  other  laboratories.  All  but  two  (Lamont,  NEL)  of 
the  remaining  14  laboratories  reported  inadequacies  of  one  sort  or  another.  The  bulk  of  the 
difficulties  can  be  divided  basically  into  three  categories; 

1.  Excessive  workload 

2.  Technical  requirements  beyond  the  capabilities  of  the  existing  installation 

3.  Need  for  improved  instrumentation. 

In  the  first  of  these  categories,  the  principal  problem  is  the  overcrowding  of  a facility 
designed  for  laboratory  research  and  development  through  the  assignment  of  prototype  and 
preproduction  testing  work  for  production  contractors.  Three  of  the  lalxjratories  — USL,  USRL, 
NADC  - are  particularly  affected.  This  problem  will  be  discussed  in  a later  paragraph.  Most 
of  the  other  laboratories  reported  that  their  facilities  have  adequate  capacity  for  their  work- 
load, although  in  several  instances  their  manpower  levels  are  too  low  to  handle  the  workload 
expeditiously. 

A much  more  serious  problem  is  that  of  the  inadequacy  of  existing  facilities  with  respect 
to  the  technical  requirements  imposed  by  current  trends  in  transducer  development.  It  is 
apparent  that  the  current  needs  of  research  and  development  are  not  at  present  adequately 
met  in  these  three  areas: 

1.  Testing  of  large,  low-frequency  transducers 

2.  Nonacoustic  testing  at  high  pressure 

3.  Acoustic -performance  testing  at  high  pressure. 


CONFIDENTIAL 


42 


CONFIDENTIAL 


I 

i 


All  of  these  arise  from  the  need  to  produce  acoustic  systems,  active  and  passive,  to  de- 
tect submarines  at  greater  ranges  and  under  wider  varieties  of  environmental  conditions.  This 
requirement  has  already  led  to  the  necessity  for  lower  frequency,  higher  power,  larger  dimen- 
sions, and  deeper  operating  depths,  and  the  trends  already  begun  and  already  exceeding  our 
test  facility  capabilities  will  continue.  It  is  to  be  expected  that  as  long  as  the  facilities  are  in- 
adequate, the  research  to  provide  the  actual  hardware  components  will  continue  to  lag  behind 
the  achievements  which  our  knowledge  of  sound  propagation  and  signal  processing  indicate  may 
be  possible. 


Open-Water  Facilities  - A major  requirement  reported  by  several  laboratories  is  the  need 
for  greater  water  depth  than  is  presently  available  in  order  to  support  research  on  large,  low- 
frequency  transmitting  and  receiving  arrays.  At  the  present  time  the  only  suitable  Navy  facility 
is  the  calibration  station  at  Lake  Pend  Oreille,  Idaho,  where  water  depths  in  excess  of  1000  ft 
are  available.  This  facility  is  operated  by  NEL  and  is  used  almost  exclusively  for  R and  D 
measurements.  However,  in  spite  of  repeated  expansions  and  improvements,  the  workload  at 
Pend  Oreille  has  steadily  risen  to  the  point  where  two-shift  operation  is  now  in  progress,  for 
five  months  of  the  year.  In  their  replies  to  the  questionnaires,  almost  all  of  the  laboratories 
which  have  need  of  the  Pend  Oreille  facility  reported  difficulty  with  scheduling  problems  and 
delays,  and  the  east-coast  laboratories  complained  of  inaccessibility.  It  is  abundantly  clear 
that  Pend  Oreille  is  not  capable  by  itself  of  satisfying  all  of  the  Navy's  deep-water  calibration 
needs.  Both  of  the  two  laboratories  (NRL  and  USL)  having  the  greatest  need  for  deep  water 
report  that  their  R and  D programs  are  severely  hampered  by  the  lack  of  such  a facility.  The 
NRL  calibration  barge  is  located  on  the  Potomac  River  on  25  ft  of  water  and  is  limited  to 
measurements  at  frequencies  above  10  kc.  Calibrations  of  low-frequency  arrays  are  currently 
being  carried  out  at  sea,  but  this  procedure  is  wasteful  of  both  money  and  time  and  has  caused 
unacceptable  delays  in  urgent  projects.  In  some  instances  it  has  been  necessary  to  forego 
tests  which,  if  they  could  have  been  made,  would  have  prevented  subsequent  equipment  failures. 
The  situation  at  USL  is  scarcely  better,  since  the  water  depth  at  the  Dodge  Pond  facility  is 
only  50  ft.  A deep-water  inland  facility  readily  accessible  to  the  east-coast  lalwratories  is 
urgently  needed  to  expedite  the  Navy's  low  frequency  acoustics  program. 

The  situation  with  regard  to  smaller  local  open-water  facilities  to  handle  calibrations  not 
requiring  deep  water  appears  to  be  considerably  less  critical.  Most  of  the  laboratories  have 
facilities  adequate  to  take  care  of  their  shallow-water  needs,  or  have  arrangements  with  other 
laboratories.  There  are  a few  exceptions,  however,  which  deserve  special  mention. 

The  USL  facility,  although  adequate  to  handle  the  laboratory's  own  shallow-water  R and  D 
work,  is  overburdened  with  prototype  and  preproduction  testing  for  BuShips  contractors. 

The  Navy  Oceanographic  Office  expects  to  procure  a number  of  transducers  per  year  as 
components  of  acoustic  equipment  used  for  ocean-survey  and  environmental-research  pur- 
poses. It  is  necessary  to  conduct  acceptance  tests  on  these  transducers  and  to  calibrate  them 
periodically  during  their  service  life.  Since  the  Navy  Oceanographic  Office  has  no  calibration 
facility  of  its  own,  acceptance  tests  are  currently  being  run  at  USRL  and  NOL,  and  long  delays 
are  being  encountered.  Periodic  recalibrations  have  not  been  made,  due  to  lack  of  facilities. 

It  is  not  clear  at  present  just  how  large  their  test  and  calibration  requirements  will  be- 
come. Therefore,  whether  OCEANO  should  undertake  to  develop  and  operate  a full-scale  cali- 
bration facility  of  their  own  is  an  open  question  at  this  lime.  As  the  program  needs  develop,  a 
determination  of  this  question  will  be  made. 

NADC  has  a requirement  for  an  outdoor  facility  for  calibrations  and  other  tests  which 
cannot  be  run  in  its  laboratory  calibration  tanks.  A suitable  site  has  been  found  at  Oreland, 
Pennsylvania,  about  seven  miles  from  the  latoratory.  This  is  a flooded  quarry  whose  dimen- 
sions are  approximately  400  x 900  ft  and  whose  depth  is  alxiul  65  ft.  The  properly  at  the 
quarry  site  has  been  leased,  and  plans  for  the  development  of  the  facility  have  been  drawn  up 
and  submitted  to  BuWeps.  The  need  for  full  development  of  this  facility  is  l>ecoming  increas- 
ingly acute  as  a result  of  the  increased  emphasis  which  is  being  placed  on  the  development  ol 
linear  hydrophone  arrays  for  souobuoys  and  directive  charges  for  explosive  sound  sources. 
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In  order  to  acquire  a deep-water  capability  and  to  expand  its  present  workload  capacity, 
USRL  is  developing  a facility  at  Leesburg,  Florida,  approximately  50  miles  from  Orlando.  The 
water  at  this  site  is  isothermal  and  has  a depth  of  170  ft,  a considerable  improvement  over  the 
present  30-ft  depth  at  the  Orlando  facility.  During  the  past  year  USRL  has  leased  the  property 
and  has  equipped  it  with  a small  waterborne  structure  suitable  only  for  very  light  devices. 
Further  development  of  this  site  will  be  required  to  enable  USRL  to  handle  its  steadily  in- 
creasing workload. 

The  NRL  Potomac  River  barge  has  been  moved  to  a place  where  the  water  is  less  polluted 
than  off  the  NRL  dock.  NRL's  ability  to  hold  the  present  site  is  not  assured.  Furthermore, 
the  weight-handling  capacity  is  severely  limited.  A superior  arrangement  would  be  to  provide 
NRL  with  an  indoor  anechoic  tank  as  part  of  a central  test  facility  in  their  existing  building, 
A59.  This  building  is  already  equipped  with  adequate  traveling-crane  facilities. 

Pressure  Tanks  - In  the  pressure-testing  category,  over  one-third  of  the  17  reporting 
laboratories  indicated  unsatisfied  requirements  for  testing  components  at  pressures  of  sev- 
eral thousand  psi  to  insure  proper  operation  of  these  units  in  the  ocean.  It  is  essential  that 
these  simple  hydrostatic  tests  of  the  mechanical  structures,  watertight  seals,  etc.,  be  con- 
ducted at  convenient  locations,  preferably  at  the  developing  laboratory,  and  that  where  possi- 
ble the  facilities  be  given  the  additional  capability  of  testing  the  acoustic  response  of  small 
units  at  low  frequency  (wavelength  large  compared  with  element  dimensions). 

In  particular,  two  laboratories  reported  specific  plans  for  high-pressure  tanks.  NRL  is 
planning  a cylindrical  tank  having  an  inside  diameter  of  8 ft,  and  capable  of  pressures  up  to 
5000  psi.  This  tank  has  recently  been  budgeted.  USL  has  made  plans  for  a tank  4 ft  in  diame- 
ter, 12  ft  long,  and  capable  of  pressures  up  to  15,000  psi,  but  funding  has  not  been  obtained. 


Most  of  the  laboratories  having  a high-pressure  requirement  reported  also  a need  for 
performing  calibrations  under  high  pressure.  For  systems  whose  dimensions  are  large  com- 
pared with  the  wavelength,  this  requirement  is  difficult  to  meet.  The  only  laboratory  with  any 
appreciable  capability  in  this  area  is  USRL,  which  has  a tank  8 ft  in  diameter  by  26  long, 
capable  of  pressures  up  to  1000  psi.  This  tank  has  neither  the  volume  nor  the  pressure  capa- 
bility nor  the  workload  capacity  to  satisfy  all  the  demands  made  upon  it.  Recognizing  the 
problem,  USRL  is  making  plans  for  an  anechoic  spherical  tank  40  ft  in  diameter  which  it  is 
hoped  will  be  capable  of  pressures  in  excess  of  3000  psi.  Sound  absorption  will  be  accom- 
plished by  wedges  to  be  installed  inside  the  sphere.  However,  in  order  to  be  effective  over  a 
frequency  range  extending  down  to  500  cps,  it  is  anticipated  that  the  wedges  wilt  restrict  the 
available  working  space  to  a diameter  of  about  20  ft.  The  proposal  is  currently  undergoing  a 
feasibility  study  by  Southwest  Research  Institute,  San  Antonio,  Texas.  The  requirement  for 
the  procurement  of  the  tank  is  now  carried  in  the  ONR  MilCon  Program  for  FY64.  This  tank, 
when  procured,  will  represent  the  only  significant  capability  for  high  pressure  acoustic  meas- 
urements on  large  components,  short  of  actual  tests  in  the  ocean.  It  is  urgently  needed. 

It  is  apparent,  however,  that  the  proposed  USRL  40-ft  tank  will  not  satisfy  all  the  require- 
ments for  high-pressure  acoustic  measurements,  either  with  respect  to  technical  considera- 
tions (size,  frequency,  pressure)  or  with  respect  to  workload.  To  satisfy  the  workload  require- 
ments it  will  be  necessary  to  procure  additional  tanks,  probably  more  modest  than  that  of 
USRL.  It  is  desirable  that  these  tanks  be  located  at  the  major  R and  D laboratories  in  order 
that  they  may  be  used  most  expeditiously. 

There  does  not  appear  to  be  any  simple  solution  to  the  problem  raised  by  technical  re- 
quirements in  excess  of  the  capabilities  of  the  USRL  tank.  Two  alternate  approaches  seem 
feasible.  One  is  to  make  measurements  directly  in  the  ocean.  The  bathyscaphe  TRIESTE  is 
currently  being  used  for  such  measurements,  but  this  at  best  is  a makeshift  arrangement, 
since  the  TRIESTE  cannot  carry  a load  of  more  than  1000  pounds,  including  Ixith  transducer 
and  measuring  equipment,  and  is  limited  to  a maximum  of  four  dives  per  month.  The  bulk  of 
the  high-pressure  acoustic  measurements  at  sea  will  have  to  be  made  at  facilities  such  as 
AUTEC  and  will  require  the  development  of  a suitable  stable  platform.  The  study  currently  in 
progress  at  NRL  in  the  development  of  such  a platform  is  therefore  of  great  importance. 
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A second  approach  is  to  observe  the  variation  in  performance  with  pressure  over  some 
restricted  range  and  extrapolate  to  determine  behavior  at  greater  values.  The  usefulness  of 
the  USRL  tank  can  be  extended  in  this  way.  Measurements  made  in  deep  lakes,  such  as  Pend 
Oreille  and  Seneca,  although  more  limited  as  to  pressure  range,  can  also  provide  a valuable 
basis  for  extrapolation. 

Improved  Instrumentation  - Several  laboratories  reported  a need  for  automated  instru- 
mentation to  speed  up  the  acquisition  and  analysis  of  calibration  data.  Manual  point -by -point 
calibrations  are  very  time  consuming  and  subject  to  human  error.  A significant  improvement 
in  capability,  both  in  quality  and  quantity,  can  be  achieved  by  the  development  of  an  automated 
calibration  system  using  modern  sampling  and  computation  techniques,  including  compensation 
for  the  frequency  response  of  the  measuring  system.  The  development  of  such  a system  would 
have  wide  applicability  and  would  be  particularly  valuable  in  relieving  the  pressure  on  over- 
loaded facilities. 


Other  Contractor  Development 

The  problems  faced  by  contractors  with  development  contracts  are  similar  to  those  of  in- 
house  laboratories.  Most  contractors  appear  to  have  adequate  tank  facilities  for  tests  not 
requiring  large  water  volumes  or  high  pressures.  Some  do  not,  however,  and  in  addition  there 
has  been  an  increasing  workload  of  tests  for  which  small,  open  tanks  are  not  adequate.  For 
this  work  the  contractors  have  received  appreciable  assistance  from  the  Navy  in-house  labo- 
ratories, especially  USRL.  Although  these  laboratories  will  continue  to  cooperate  to  the  best 
of  their  ability,  it  is  evident  that  in  the  future  the  contractors  must  prepare  themselves  to 
satisfy  a greater  percentage  of  their  own  requirements.  Several  manufacturers  have  already 
recognized  the  problem  and  have  taken  steps  to  provide  their  own  facilities.  Examples  are 
General  Dynamics/Electronics  on  Lake  Seneca,  General  Electric  on  Lake  Cayuga,  and 
Minneapolis-Honeywell  with  a mobile  platform  operating  in  Puget  Sound.  This  trend  should  be 
encouraged  in  order  to  avoid  overloading  the  facilities  in  in-house  laboratories. 


Prototype  and  Preproduction  Testing 

Testing  prototype  and  preproduction  models  for  the  purpose  of  determining  the  extent  of 
their  adequacy  and  specifying  shortcomings  which  require  correction  prior  to  going  into  pro- 
duction is  an  arduous  task,  especially  when  a transducer  system  of  the  size  and  weight  of  the 
SQS-23  or  SQS-26  is  involved  and  when  models  are  submitted  by  several  manufacturers.  Yet 
the  Bureaus  have  established  no  overall  plan  for  the  conduct  of  prototype  and  preproduction 
tests.  Tests  are  run  wherever  available  facilities  can  be  found.  The  bulk  of  the  work  for 
BuShips  is  done  at  USL,  the  remainder  at  USRL.  Most  sonobuoy  transducers  are  calibrated  at 
NADC,  and  most  torpedo  transducers  are  calibrated  at  USRL.  Airborne  dipped  sonar  trans- 
ducers are  calibrated  at  both  of  these  latter  laboratories. 

The  result  of  the  current  practice  has  been  the  overloading  of  latxsratory  facilities  to  the 
point  where  the  laboratories'  own  R and  D programs  are  suffering.  The  most  flagrant  exam- 
ple is  at  USL,  whose  Dodge  Pond  facility  recently  has  been  used  75  percent  of  the  time  for  tests 
of  contractors'  items.  While  USL  certainly  has  serious  concern  with  some  of  these  tests,  much 
of  the  work  serves  to  deprive  the  laboratory  of  valuable  facility  time  needed  for  its  own  R and 
D work.  USL  estimates  that  it  can  tolerate  a maximum  of  25  percent  of  its  Dodge  Pond  facility 
time  for  contractors'  tests  and  urgently  recommends  that  the  present  workload  be  cut  down  to 
that  figure  as  soon  as  possible. 

A similar  problem  exists  at  USRL,  where  55  percent  of  the  workload  in  1961  was  devoted 
to  BuShips,  BuWeps,  and  ONR  contractors  and  resulted  in  interference  with  USRL's  work  in 
providing  standards  and  developing  techniques.  In  the  case  of  USRL,  an  examination  of  the 
charter  shows  that  prototype  and  preproduction  testing  can  be  considered  a legitimate  part  of 
the  Laboratory's  mission.  However,  as  has  been  pointed  out  in  Chapter  3,  the  overall  work- 
load at  USRL  has  been  steadily  and  rapidly  increasing  over  the  past  several  years.  The 
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Situation  is  now  approaching  the  point  where  a decision  must  be  reached  whether  USRL  should 
continue  to  handle  all  the  prototype  and  preproduction  testing  now  requested  of  it.  If  so,  the 
necessary  additional  manpower  and  facilities  must  be  provided.  If  not,  the  Bureaus  must  take 
steps  to  provide  their  own  facilities. 

The  current  trend  toward  the  development  of  large,  complex  sonar  systems  for  surface 
ships  and  submarines  has  added  a new  dimension  * > the  problem  of  transducer  calibration. 
Whereas  formerly  a transducer  could  be  isolated  and  tested  separately  in  a calibration  facility, 
such  procedures  have  become  inadequate  for  prototype  and  preproduction  testing  of  the  newer 
sonar  systems  whose  transducers  cannot  be  properly  evaluated  apart  from  the  other  compo- 
nents of  the  equipment.  For  example,  troubles  have  been  encountered  in  the  AN/SQS-26  pro- 
gram as  a result  of  the  lack  of  adequate  system  tests  prior  to  actual  shipboard  installation. 

The  practical  difficulties  associated  with  the  installation  of  a complete  system  aboard  a 
"general-purpose"  calibration  barge  make  it  imperative  to  search  for  other  ways  of  solving 
the  problem  of  prototype  and  preproduction  testing  of  new  major  sonar  systems. 


Production  Acceptance  and  Maintenance  Testing 

This  category  consists  of  routine  tests  on  fleet  production  items.  The  scope  of  the  tests 
is  of  course  far  narrower  than  that  of  prototype  and  preproduction  tests,  but  the  number  of 
units  involved  is  far  greater.  Both  acceptance  and  maintenance  tests  of  surface  ships  and  sub- 
marine sonar  transducers  are  run  at  naval  shipyards.  At  the  present  time  Boston  employs  a 
barge  in  the  harbor.  Mare  Island  has  an  18-ft-diameter  indoor  tank  and  a 60-ft-diameter  by 
25-ft-deep  outdoor  tank,  and  Pearl  Harbor  has  a barge  on  a curtained-off  section  of  the  harbor 
for  calibration.  Production-acceptance  tests  of  airborne  sonar  transducers  and  torpedo  and 
mine  transducers  are  for  the  most  part  run  in  contractors'  plants.  In  the  case  of  sonobuoys, 

32  samples  out  of  each  lot  of  800  are  sent  to  the  Sonobuoy  Test  Facility  in  the  Gulf  of  Maine 
for  test.  However,  because  of  facility  limitations,  only  rudimentary  acoustic  tests  have  been 
run  at  Maine;  some  of  this  testing  has  been  done  at  USRL.  No  acoustic  maintenance  tests  are 
run  on  sonobuoys.  Arrangements  are  being  made  to  have  the  Boston  and  Mare  Island  Naval 
Shipyards  calibrate  AN/AQS-10  helicopter -dipped  sonar  transducers  at  the  time  of  overhaul. 

The  situation  existing  in  the  shipyards  is  critical.  The  Boston  Naval  Shipyard  handles 
about  50  percent  of  the  transducer-calibration  load,  while  Mare  Island  and  Pearl  Harbor  han- 
dle about  30  percent  and  20  percent,  respectively.  Boston  makes  about  8000  to  9000  calibra- 
tions per  year  on  overhauled  transducers,  exclusive  of  production  testing.  The  estimate  for 
the  1965-1970  period  is  15,000  to  20,000  per  year.  The  staff  at  Boston  works  a 48-hour  week. 
There  are  three  shifts  per  day,  and  operation  is  six  days  per  week.  Although  production  and 
maintenance  workloads  should  be  predictable  well  in  advance,  it  appears  that  insufficient  atten- 
tion has  been  paid  to  the  matter  of  shipyard  testing.  The  anticipated  doubling  of  the  workload 
in  already  loaded  facilities  constitutes  a problem  which  demands  immediate  attention. 


SUMMARY 

The  trend  toward  larger  and  more  powerful  sonars  is  creating  an  increasing  demand  for 
deep-water  transducer -calibration  facilities  capable  of  handling  larger  and  heavier  loads  and 
of  supplying  more  driving  power.  In  addition,  the  trend  toward  deeper  operating  depths  is  gen- 
erating ever-increasing  requirements  for  high-pressure  facilities,  both  for  acoustic  measure- 
ments and  for  mechanical  tests,  to  ascertain  the  ability  of  equipments  to  withstand  the  deep- 
ocean  environment.  A survey  of  the  current  and  projected  transducer-calibration  situation  has 
amply  confirmed  these  trends  and  has  revealed  other  problem  areas  which  require  immediate 
attention. 

The  transducer-calibration  station  at  Lake  Pend  Oreille,  Idaho,  the  Navy's  only  deep-water 
inland  facility,  is  not  capable  of  handling  the  currently  generated  worklbad,  and  the  situation 
can  be  expected  to  become  worse  in  the  future.  An  additional  deep-water  facility  readily  ac- 
cessible to  the  eastern  laboratories  is  urgently  needed.  The  most  suitable  location  is  Lake 
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Seneca,  New  York.  Needs  also  exist  for  specific  local  open-water  facilities  at  several  labora- 
tories, as  discussed  in  preceding  paragraphs. 

Equally  serious  is  the  requirement  for  adequate  high-pressure  test  facilities.  At  present 
no  adequate  facilities  exist  for  high-pressure  acoustic  measurements  on  large  or  even 
moderate-sized  transducers.  The  proposed  USRL  40-ft  spherical  tank  will  provide  a signifi- 
cant capability  in  this  area,  and  as  soon  as  its  feasibility  is  proved,  procurement  should  pro- 
ceed as  rapidly  as  possible.  Additional  pressure  tanks,  both  for  acoustic  measurements  and 
nonacoustic  mechanical  tests,  are  required  at  major  laboratories  concerned  with  deep-ocean 
equipments. 

There  are  equipments,  particularly  arrays  designed  to  operate  in  the  deep  ocean,  whose 
calibration  requirements  exceed  the  capabilities  of  present  or  proposed  inland  high-pressure 
facilities.  These  will  require  calibration  at  sea,  chiefly  at  AUTEC,  and  will  need  a stable 
platform  in  order  to  achieve  sufficient  accuracy.  The  present  effort  by  NRL  to  develop  such  a 
platform  should  be  continued  at  high  priority. 

Another  serious  problem  is  the  interference  caused  by  tests  for  Bureau  contractors  at 
Navy  R and  D laboratories.  This  is  caused  in  part  by  lack  of  adequate  facilities  on  the  part  of 
the  contractors  and  in  part  by  the  failure  of  the  Bureaus  to  make  adequate  plans  for  the  con- 
duct of  prototype  and  preproduction  tests.  The  initiative  of  several  of  the  contractors  in 
developing  adequate  facilities  of  their  own  is  recognized  and  encouraged.  Further  effort  in  this 
direction  is  required  in  order  to  reduce  the  load  on  Navy  laboratories. 

The  laboratory  most  seriously  affected  by  prototype  and  preproduction  testing  is  USL, 
which  has  been  spending  about  75  percent  of  its  effort  on  these  tests.  In  order  to  salvage  its 
own  R and  D program,  USL  requires  that  this  workload  be  cut  as  soon  as  possible  to  25  per- 
cent or  less. 

The  USRL  workload  has  been  increasing  at  a rapid  rate  over  the  past  few  years,  a large 
part  of  it  consisting  of  tests  for  Navy  contractors.  While  these  tests  can  be  considered  to  be  a 
legitimate  part  of  the  USRL  mission,  it  will  ;oon  be  necessary  either  to  expand  USRL’s  facili- 
ties or  to  have  much  of  the  work  done  elsewhere. 

The  development  of  large  modern  sonar  systems  for  surface  vessels  and  submarines  has 
introduced  a new  element  of  complexity  into  the  transducer  calibration  situation,  namely,  the 
requirement  to  test  the  transducer  as  an  integral  part  of  a complete  system  rather  than  as  an 
isolated  piece  of  acoustic  equipment.  For  prototype  and  preproduction  tests  of  new  major 
sonar  systems,  additional  special-purpose  facilities  will  be  required  above  and  beyond  the 
general-purpose  facilities  currently  available  or  planned  for  the  future. 

A critical  situation  is  developing  at  the  three  naval  shipyards,  Boston,  Mare  Island,  and 
Pearl  Harbor,  at  which  calibrations  of  both  new  and  overhauled  fleet  sonar  transducers  are 
run.  These  facilities  are  already  loaded  to  capacity,  and  the  present  workload  is  expected  to 
double  by  1970.  To  handle  the  increased  workload  either  additional  capability  must  be  provided 
to  the  present  shipyards,  or  facilities  must  be  established  at  other  shipyards. 
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CHAPTER  5 

SOLUTIONS  TO  THE  PROBLEM 


In  this  chapter  the  USAG  states  its  considered  conclusions  drawn  from  its  study  and  anal- 
ysis of  the  problem.  A summarized  set  of  recommendations  for  specific  actions  by  the  appro- 
priate organizations  (BuShips,  BuWeps,  ONR)  is  presented  under  the  separate  heading  of 
"Recommendations." 


SUMMARY  OF  THE  BASIC  INADEQUACIES 

The  major  basic  problem  areas  are,  in  brief; 

1.  Since  special  facilities  for  prototype  and  preproduction  testing  have  not  in  the  past  been 
provided,  either  existing  R and  D facilities  are  being  used  for  this  purpose  at  the  e.xpense  of 

R and  D work,  which  is  severely  hampered  as  a result,  or  major  systems  are  being  installed 
with  no  systems  test  before  final  installation. 

2.  Important  R and  D laboratories  do  not  have  adequate  deep-water  facilities. 

3.  High-pressure  acoustic  tank  facilities  now  in  existence  are  not  adequate  to  handle 
present  and  future  requirements  for  calibration  of  deep-water  elements. 

The  preceding  analysis.  Chapter  4,  has  shown  the  inadequacy  of  presently  available  trans- 
ducer calibration  facilities  to  handle  the  current  workload  and  has  given  some  indication  of  the 
trends  that  may  be  anticipated  in  the  future.  In  addition  to  increasing  the  workload  demand, 
developments  which  are  being  carried  out  to  meet  new  operational  requirements  are  continually 
imposing  more  severe  technical  requirements  on  calibration  facilities.  The  increasing  size 
and  complexity  of  sonar  systems  is  felt  not  only  in  research  and  development  but  also  through- 
out every  stage  of  fleet  procurement  and  maintenance  programs.  Since  in  many  instances  the 
only  suitable  calibration  facilities  are  found  at  the  research  and  development  laboratories  (and 
often  these  are  inadequate),  a problem  of  interference  has  arisen  between  R and  D programs 
and  fleet  procurement  programs. 

The  ideal  solution  to  this  problem  would  of  course  be  to  provide  adequate  facilities  for  all 
categories  of  testing,  from  R and  D through  all  stages  of  procurement  and  maintenance.  The 
implementation  of  such  an  ideal  solution,  however,  would  not  be  practical  from  an  economic 
point  of  view,  and  it  is  therefore  imperative  to  examine  the  situation  carefully  with  a view  to 
recommending  such  practical  partial  solutions  as  will  enable  the  major  needs  to  l>e  met  in  the 
most  efficient  way.  It  will  be  convenient  to  discuss  these  solutions  within  the  framework  of 
the  major  categories  of  testing  outlined  earlier  in  this  report.  It  must  be  recognized,  however, 
that  areas  of  overlap  exist  between  categories. 


CONCLUSIONS 
Standards  and  Techniques 

This  category  has  been  discussed  in  Chapter  4 and  needs  no  further  discussion  here  other 
than  to  emphasize  that  the  maintenance  and  calibration  of  transducer  standards  and  th«  re- 
search and  development  on  new  measurement  techniques  and  instrumentation  must  continue  to 
be  the  prime  function  of  USRL  and  must  never  be  impaired  by  increased  demands  upon  USRL 
for  other  work. 
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R and  D by  In-house  and  Nonprofit  Laboratories 

Inland  Deep-Water  Facilities  - Earlier  discussion,  in  Chapter  4,  has  established  the  need 
for  deep-water  lakes  for  the  calibration  and  testing  of  transducers  which  require  large  vol- 
umes of  water,  and  of  those  devices,  such  as  VDS  sonars,  submarine  sonars,  the  newer  air- 
borne dipped  sonars  and  sonobuoys,  torpedoes,  mines,  etc.,  which  are  required  to  operate  at 
considerable  depth.  The  Navy  at  the  present  time  has  only  one  such  deep-water  inland 
facility  — the  NEL  facility  at  Lake  Pend  Oreille,  Idaho.  This  is  undoubtedly  the  best  calibra- 
tion site  in  the  United  States.  However,  as  has  been  pointed  out,  the  Lake  Pend  Oreille  facility, 
in  spite  of  repeated  expansions  and  improvements  and  the  establishment  of  two-shift  operation 

for  five  months  out  of  the  year,  is  not  capable  of  satisfying  all  of  the  Navy's  deep-water  cali-  ^ 

bration  requirements.  Another  factor  to  be  considered  is  its  remoteness  from  the  eastern 
laboratories,  especially  NRL  and  USL,  which  have  major  needs  for  a deep-water  facility.  It 
is  a matter  of  great  importance  that  a suitable  deep-water  facility  be  established  in  the  eastern 
part  of  the  U.S. 

Surveys  have  shown  that  the  most  suitable  sites  in  the  east  are  located  in  the  Finger  Lakes 
region  of  New  York.  Seneca  Lake,  with  a maximum  depth  of  about  600  ft  and  with  an  inland-  s' 

waterway  connection  to  the  ocean,  is  the  best.  Cayuga  Lake  is  the  second  best.  The  importance  j 

of  these  lakes  has  already  been  recognized  by  private  contractors.  The  General  Dynamics 

Corporation  has  established  a barge  on  Seneca  Lake,  and  the  General  Electric  Company  has  a ] 

barge  on  Cayuga  Lake.  j 

Within  the  Navy,  NRL  has  taken  steps  to  satisfy  its  urgent  needs  by  outfitting  a mobile  test  | 

barge  and  moving  it  to  a location  on  Seneca  Lake,  where  modest  dock  facilities  have  been  leased.  i 

Ideally  each  major  laboratory  should  have  its  own  calibration  and  test  facilities,  but  the  number  ; 

of  suitable  lakes  available  and  the  cost  of  facilities  make  this  arrangement  impractical.  There-  i 

fore  it  appears  necessary  that  the  NRL  barge  on  Seneca  Lake  be  developed  and  expanded  into  a { 

permanent  calibration  station  whose  services  will  be  available  to  all  Navy  in-house  and  Navy-  \ 

supported  nonprofit  laboratories  having  need  for  deep-water  calibration,  and  to  private  con- 

tractors  to  the  extent  to  which  scheduling  will  permit.  5 

i 

Serious  consideration  has  been  given  to  the  matter  of  who  should  operate  the  recommended 
Seneca  Lake  facility.  It  is  logical  that  NRL  should  continue  to  operate  its  barge  on  the  lake 
during  the  "break-in"  period,  for  a year  or  so,  until  plans  can  be  made  for  developing  the  per- 
manent facility.  However,  NRL  does  not  wish  to  be  burdened  with  the  responsibility  of  per- 
manently operating  a service  facility  for  other  laboratories.  Also,  it  does  not  seem  advisable 
to  attempt  to  set  up  a new  organization  to  do  this  job.  On  the  other  hand,  such  a mission  is 
clearly  within  the  charter  of  USRL.  In  fact,  at  the  present  time  USRL  is  doing  this  type  of 
work  for  the  material  bureaus.  Navy  laboratories,  and  private  contractors.  The  organization 
is  well  versed  in  the  technology  of  transducer  calibration  and  is  experienced  in  the  operation 
of  calibration  facilities.  Since  the  facility  would  be  used  by  a number  of  different  clients,  it 
seems  logical  that  USRL  should  be  given  the  responsibility  for  its  operation.  It  is  therefore 

concluded  that  during  the  interim  period  while  NRL  is  establishing  and  operating  its  barge,  1 

USRL  should  plan  in  detail  an  expansion  of  this  facility  and  prepare  to  take  over  the  operation 
of  it  by  the  end  of  calendar  year  1963.  It  should  then  continue  to  expand  the  facility  to  keep  up 

with  the  Navy's  R and  D requirements  to  the  limit  of  the  capabilities  of  the  site.  » 

High-Pressure  Tanks  - Special  large-volume  high-pressure  tanks,  both  for  acoustic  and 
nonacoustic  tests,  are  absolutely  necessary  for  an  adequate  research  and  development  pro- 
gram. They  are  also  needed  for  contractor  development  and  for  prototype  and  preproduction 
testing.  Because  of  the  high  costs  of  such  tanks,  this  is  one  area  in  which  the  Navy  will  have 

to  furnish  facilities  for  contractor  development,  testing,  and  calibration.  , 

The  most  urgent  needs  for  nonacoustic  tanks  have  been  voiced  by  NRL  and  USL,  as  has 
been  discussed  in  Chapter  4.  These  tanks  should  be  funded  and  procured  as  soon  as  possible. 

The  situation  with  regard  to  high-pressure  acoustic  tanks  is  more  critical.  The  USRL- 
proposed  40-ft  spherical  tank  for  acoustic  tests  at  pressures  up  to  perhaps  3000  to  5000  psi 
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will  fill  a major  need  and  the  proposal  is  stronply  endorsed.  Tins  tank  will  he  a unique  facility, 


and  it  undoubtedly  will  be  used  for  many  purposes  and  for  many  clients.  In  view  ot  the  short-  ^ 

ap;e  of  space  at  USUL,  it  is  sui;t;csted  that  serious  consideralion  be  piven  to  localinp  this  uink 
at  the  shore  facility  of  the  Seneca  Lake  calibration  and  test  station  (proposed  alnive  as  expan- 
sion of  NHL  barge). 

It  is  anticipated  that  with  continued  emphasis  on  deep-occ  in  operation,  the  pressure-tank  i 

facilities  ot  USHL,  both  present  and  planned,  will  not  be  adequate  to  meet  the  need.  It  is  there- 
fore incumbent  upon  BuShips  and  BuWeps  to  e.xaniiiie  carefully  their  development  and  procure- 
ment programs  in  order  to  ascertain  the  need  for  additional  high-pressure  acoustic  test  tacili- 
ties.  Because  of  the  long  time  interval  required  for  the  design  and  fabrication  of  such  tanks, 

the  need  for  them  must  be  anticipated  as  far  in  advance  as  possible.  It  appears  logical  that  as  j 

additional  tanks  arc  needed  they  should  be  procured  and  located  at  the  various  major  Navy  H i 

and  D laboratories. 

Local  Open-Water  Facilities  - Ixical  facilities,  including  tanks  and  ponds,  will  continue  to  | 

be  needed  as  much  in  the  future  as  in  the  past.  For  efficient  operation,  each  lalxiratory  must 
have  local  facilities  tor  back-yard  work.  A great  deal  of  work  can  be  done  in  relatively  small 
tanks  and  ponds.  Kvery  effort  should  be  made  to  utilize  these  facilities  to  the  utmost  and  to 
c.xtend  their  usefulness  to  the  limit. 

It  IS  believed  that  the  major  requirements  for  local  open-water  facilities  for  H and  D work 
can  be  met  if  the  needs  discussed  in  Chapter  4 are  satisfied.  Specifically,  these  arc: 

1.  Improvement  of  the  USHL  site  at  Leesburg,  Florida.  The  development  ot  this  site 
should  bo  primarily  for  the  purpose  ot  providing  improved  capability  for  work  on  standards 
and  calibration  techniques,  and  should  consist  of  such  items  as  a more  stable  platform,  auto- 
matic instrumentation,  and  facilities  for  the  development  of  near-field  techniques. 

2.  Heduction  ot  the  prototype  and  preproduction  workload  at  the  USL  fkidge  Bond  facility 

to  a nuLXimum  ot  25  percent  of  the  facility  time.  The  accomplishment  of  this  objective  depends  4 

upon  a solution  of  the  problem  of  prototype  and  preproduction  tests,  which  will  be  discussed  in 
a later  paragraph. 

3.  Development  ot  the  NAVAIHDKVCEN  quarry  site  at  Orcland,  Bennsylvania. 


Open-Ocean  Facilities  - Deep  lakes  provide  moderate  pressures  and  free-field  conditions. 
Pressure  tanks  can  provide  pressures  in  excess  of  those  obtainable  in  lakes  but  are  restricted 
in  volume,  range,  and  transducer  size  capacity.  Only  the  open  ocean  can  provide  sinuilt,ine- 
ously  the  conditions  of  very  high  pressure  and  free  field.  In  general,  the  deep-ocean  type  of 
facility  can  be  unique  in  providing  the  capability  of  handling  very  large  units  at  depth.  AUTFC 
is  expected  to  provide  the  very-much-needed  facility  for  testing  and  calibrating  complete  sys- 
tems as  installed  in  a ship  or  submarine.  Tests  at  very  great  depths,  particularly  of  large 
transducers  and  arrays,  can  be  made  when  a facility  such  as  FOHDS  becomes  available. 

Although  the  acoustic  measurement  range  to  be  included  in  AUTFC  provides  a valuable 
capability  for  certain  deep-water  nieasurenients  (installed  systems),  it  must  be  recognized 
that  for  a number  of  reasons  this  range  cannot  serve  as  a substitute  tor  the  recommended 
Seneca  Lake  facility.  In  the  first  place,  the  environmental  and  lest  conditions  cannot  be  as 
precisely  controlled.  Second,  logistics  problems  will  be  much  more  severe.  Third,  the  work- 
load capacity  of  an  open-ocean  facility  is  considerably  more  limited.  Fourth,  there  will  be  a 
problem  of  interference  from  other  activities  in  the  AUTFC  area.  In  general,  only  those 
measurements  which  cannot  be  done  elsewhere  should  be  performed  at  Al'TFC. 

The  large  projectors  and  hydrophone  arrays  associated  with  long-range,  low-frequency 
surveillance  systems,  such  as  Artemis  and  Trident,  jxise  special  problems.  I'liese  transduc- 
ers, in  general,  arc  completely  assembled  only  when  installed  in  the  pernninent  ixisilions. 
Therefore,  only  an  in-place  calibration  can  be  made  on  the  complete  units.  The  conqionent 
parts  of  the  arrays,  however,  will  need  to  be  individually  tested  and  calibra'ed  prior  to  linal 
installation. 
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Contractor  Development 

As  has  been  pointed  out  previously,  the  increasing  demands  upon  Navy  R and  D facilities 
make  it  mandatory  that  contractors  provide  themselves  more  and  more  with  facilities  to  meet 
their  own  calibration  requirements,  especially  with  respect  to  open-water  facilities  and  small 
pressure  tanks.  The  initiative  of  three  contractors  in  establishing  deep-water  facilities  is 
commended.  The  one  area  ir  which  the  Navy  will  probably  have  to  continue  to  provide  services 
is  that  of  high-pressure  acoustic  tests  on  transducers  of  appreciable  size. 

The  development  of  new  major  sonar  systems  poses  a new  set  of  problems,  not  only  for 
contractor  development,  but  also  for  prototype  and  preproduction  testing.  These  problems 
have  been  mentioned  in  Chapter  4 and  will  be  discussed  further  in  the  ne.xt  paragraph. 
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Prototype  and  Preproduction  Testing 

The  category  of  prototype  and  preproduction  tests  have  developed  into  one  of  the  chief 
Ixjttlenecks  in  the  entire  transducer  calibration  situation.  There  are  two  reasons  for  this  prob- 
lem. First,  the  amount  of  testing  required  for  a modern  sonar  system  such  as  SQS-26  or 
BOQ-2  is  vastly  greater  than  was  formerly  required  on  smaller,  simpler  systems.  Not  only 
is  more  'acility  time  required  for  a given  prototype  transducer,  but  also,  as  for  SQS-23,  a 
number  of  different  transducer  models  by  different  manufacturers  may  require  evaluation  and 
test.  The  second  reason  is  that  no  calibration  facilities  have  been  set  up  specifically  to  han- 
dle prototype  and  preproduction  testing.  The  result  has  been  a severe  imposition  on  the  R and 
D facilities  of  Navy  laboratories,  especially  USL  and  USRL. 

There  are  four  possible  solutions  to  this  problem;  (a)  expand  DSRL  by  the  addition  of  a 
prototype  and  preproduction  testing  division  at  a new  location  with  new  manpower,  (b)  expand 
the  other  in-house  R and  D calibration  facilities  with  additional  manpower  and  either  new  or 
more  highly  developed  locations,  (c)  set  up,  under  the  auspices  of  the  material  bureaus,  one  or 
more  new  organizations  at  new  locations  to  handle  the  workload,  (d)  require  new  procurement 
contracts  to  include  provision  of  facilities  for  prototype  and  preproduction  testing  by  the  con- 
tractor, either  by  construction  or  subcontract. 

Serious  consideration  has  been  given  to  these  four  possibilities.  The  first  has  the  advan- 
tage of  tieing  the  new  group  to  an  already  existing  professional  standard  and  calibration  organ- 
ization. The  second  has  the  advantage  of  tieing  the  expansion  to  the  lalxiratories  doing  work  of 
the  same  nature.  Some  of  the  transducers  to  be  evaluated  were  developed  as  the  direct  result 
of  specific  R and  D programs  at  the  laboratories.  The  third  possibility  has  the  advantage  of 
tieing  the  testing  directly  to  the  cognizant  bureaus  which  are  responsible  for  the  developments. 
It  faces  a severe  problem,  however,  in  the  establishing  of  entirely  new  organizations  without 
previous  experience  in  calibration  work.  The  fourth  possibility  would  probably  be  very  expen- 
sive, at  least  at  the  outset,  since  a considerable  number  of  facilities  might  be  required.  In  the 
long  run,  however,  these  facilities  would  become  part  of  the  competitive  cost  picture,  and  the 
national  capability  would  expand. 

Eventually,  if  sonar  work  continues  to  expand,  several  of  these  steps  may  have  to  be  taken. 
For  the  immediate  future,  however,  a specific  decision  must  be  made.  Although  none  of  the 
four  possibilities  offers  an  ideal  solution,  the  most  logical  choice  appears  to  be  the  first. 

Since  it  has  already  been  recommended  that  USRL  operate  a new  R and  D facility  on  Seneca 
Lake,  it  would  seem  that  the  most  efficient  way  to  carry  out  the  prototype  and  preproduction 
testing  program  would  be  to  establish  an  additional  facility  under  the  same  management  in  the 
same  area.  Under  this  plan  administrative  problems  would  be  simplified,  the  two  activities 
would  complement  one  another,  and  the  same  shore  facilities  could  be  used  for  lx)th  purposes. 

It  is  fully  realized  that  this  step  would  require  for  USRL  a major  expansion  in  Ixjth  personnel 
and  management  structure,  as  well  as  a somewhat  new  and  additional  function  concept. 

It  is  not  expected  that  the  Seneca  Lake  facility  would  handle  all  prototype  and  preproduction 
testing.  In  the  first  place,  transd  cers  which  arc  integral  parts  of  large  assembled  systems 
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will  have  to  be  tested  elsewhere.  Secondly,  it  is  anticipated  that  the  workload  would,  in  any 
case,  exceed  the  capacity  of  the  new  USRL  facility,  and  therefore  other  in-house  R and  D labo- 
ratories would  be  required  to  share  in  the  testing  of  those  contracted  items  in  which  they  have 
an  R and  D interest,  up  to  about  25  percent  of  their  capacity.  When  economically  advisable, 
development  testing  at  contractors'  facilities  should  be  e.xtended  through  the  prototype  and  pre- 
production  stage,  with  supervision  of  the  final  tests  by  representatives  of  Navy  lalxjratories  (a 
partial  application  of  the  fourth  possibility  mentioned  above). 

Since  it  will  take  considerable  time  to  develop  the  prototype  and  preproduction  facility  at 
Seneca  Lake,  consideration  must  be  given  to  interim  measures  for  alleviating  the  present 
acute  problem.  A certain  amount  of  redistribution  of  work  should  be  made  among  the  several 
laboratories  in  order  that  the  load  may  be  shared  more  equitably.  Specifically,  the  prototype 
and  preproduction  testing  at  USL  should  be  tapered  off,  that  of  USRL  at  Orlando  should  remain 
about  as  it  is,  and  that  at  other  facilities  should  be  increased.  Of  course,  assignments  should 
be  made  with  due  regard  for  the  technical  capabilities  of  the  different  facilities.  When  this 
results  in  the  necessity  for  these  laboratories  to  work  e.xtra  shifts  in  order  to  carry  the  work- 
load of  both  R and  D and  preproducUon  testing,  the  bureaus  must  provide  and  fund  extra  billets 
and/or  overtime. 

As  another  interim  measure,  contractors'  facilities  should  be  used  to  the  greatest  extent 
practicable  for  prototype  and  preproduction  testing.  Also,  after  the  R and  D facility  at  Seneca 
Lake  is  in  full  operafion,  a certain  amount  of  its  time  — say  25  percent  — can  be  made  available 
for  this  purpose. 


Facilities  for  Testing  of  Major  Sonar  Systems 

Some  of  the  major  sonar  systems  now  in  existence  or  under  development,  and  in  particular 
those  planned  for  the  future,  are  of  such  size  and  complexity  that  it  is  impossible  to  make  com- 
plete tests  except  as  an  assembled  system.  The  very  high  cost  of  each  of  these  systems  makes 
it  appear  worthwhile  to  provide  a special  platform  (barge  or  ship)  for  the  prototype  and  prepro- 
duction testing  of  each  such  system.  Furthermore,  with  proper  planning,  the  platform  can  be 
made  available  in  time  to  be  used  by  the  contractor  for  tests  during  the  development  and  as- 
sembly of  the  system. 

Each  system  ma.  be  undergoing  testing  for  several  years,  and  existing  facilities  are  not 
adequate  to  handle  this  problem.  If  a major  system  were  to  be  placed  in  an  R and  D facility, 
there  would  not  be  room  for  any  other  work.  A separate  platform  for  each  major  system  ap- 
pears to  be  the  only  reasonable  solution. 


Navy  Shipyard  Facilities 

The  severe  workload  problem  in  Navy  shipyards  has  been  discussed  in  Chapter  4.  In  view 
of  the  expected  aggravation  of  the  problem  in  the  years  ahead,  steps  toward  a solution  must  be 
taken  as  soon  as  possible.  Although  the  present  facilities  are  adequate  from  the  standpoint  of 
depth  and  range  for  the  transducers  now  being  tested,  an  increased  use  of  tanks  would  help  to 
alleviate  the  heavy  schedule.  The  use  of  tanks  and  near-field  methods  would  permit  measure- 
ments to  be  made  under  stable  conditions  of  low  ambient  noise  and  isothermal  water.  Multiple 
tank  set-ups  could  be  used  to  reduce  the  need  for  multiple  shifts.  The  requirements  for  skilled 
supervisory  personnel  would  be  reduced,  since  a single  supervisor  could  oversee  several  fanks 
simultaneously.  It  is  feasible  to  install  tanks  indoors  and  thus  provide  for  year-round  opera- 
tion, independently  of  weather  conditions. 

Another  problem  which  requires  solution  is  the  need  for  making  "in-place"  calibrations  of 
transducers  as  installed  on  ships  and  submarines.  It  would  l)e  very  desirable  to  have  the  capa- 
bility of  performing  such  calibrations  in  the  immediate  vicinity  of  shipyards,  thereby  avoiding 
the  necessity  of  taking  the  ship  to  some  remote  calibration  range.  It  may  well  be  that  near- 
field techniques  can  be  adapted  to  this  purpose.  If  it  has  not  already  initiated  such  action. 
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Iho  Bureau  of  Ships  should  undertake  the  development  of  suitable  techniques  for  "in-place" 

calibrations  at  shipyards.  • 


SUMMARY 

The  failure  to  provide  adequate  facilities  for  contractor  development  and  tests  and  pre- 
production  and  prototype  testing  is  the  cause  of  much  of  the  present  difficulties.  How  best  to 
find  a remedy  for  this  inadequacy  is  perhaps  the  major  problem  to  be  faced  and  is  one  for 
which  It  IS  not  easy  to  develop  an  acceptable  solution.  Unless  such  an  adequate  solution  is 
tound,  one  may  be  sure  the  R and  D program  will  continue  to  suffer. 
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